


June 12, 1886. 


The Collection, Storage, Purification and 
Examination of Water.* 





THE SCIENCE OF HEALTH, 


There can be no doubt as to the importance 
of the Science of Health. All wish to be 
healthy, and to avoid such things as might 
engender disease and suffering. 

ow to preserve health is the question 
and, therefore, the study of those laws of 
health by which our actions should be guided, 
is a duty imperative on all, but more especi- 
ally onthose who are charged with the care 
of sanitary arrangements incidental to the 
well-being of large numbers of people. 

Yet, notwithstanding its importance, the 
Science of Health is really less developed and 
known than any other; thisis so because it is 

rhaps more complicated than other sciences. 

reat effects are sometimes produced by mi- 
nute causes, so minute that they have escaped 
the methods of observation which previous 
generations had at their disposal, and we 
have not, therefore, in this instance,any large 
accumulation of data on which to found a 
science, or from which the existence of laws 
can be with safety deduced. We are merely 

oping in the dark, and gradually discover- 
ng facts here and facts there, and putting 
them together inorder to lay the foundations 
of this Science of Health. 


DISEASE AND DIRT. 


One fact can, however, be ascertained from 
a careful examination of the records of the 
past,and that is that there is an intimate 
connection between disease, more especially 
in its epidemic form, and dirt. In all the re- 
eords of plague and epidemic we find that the 
mortality was greatest amongst the poor, the 
dirty and the degraded portion of the popula- 
tion. The freedom which we have now en- 
joyed for years in England from some of 
these scourges, such as the plague itself, is 
a corroborative proof that increased cleanli- 
ness has a distinct effect on the liability to 
disease. 

But cleanliness means clean water. Hence 
the great importance of a good and copious 
supply of water to all communities. 

Besides the fact that a copious supply of 
water is one of the tirst requirements for 
health, we have sufficient data to conclude 
that it is of the greatest importance that the 
water supplied should be free from contamin- 
ation, or, if once contaminated, should be 
thoroughly purified before use. No better ex- 
ample of the effect of the water supply on 
the health of the people supplied can be 
given than the facts observed during the 
cholera epidemics of 1849 and 1854. During 
the epidemic of 1849, the proportion of deaths 
of inhabitants in the districts on the south of 
the Thames supplied by two different water 
companies was respectively 11 and 12.5 per 
thousand. In the interval between that epi- 
demic and that of 1854, one of the companies 
removed its intake higher up the river, and 
thus obtained a purer supply. What was the 
result? The death rate from cholera in 1854 
in those houses mopess by the company that 
had not altered its intake was 13 per 1,000 as 
against 11.8 five years previously, whereas, in 
the houses supplied by the company that had 
improved the quality of its water the rate 
fell from 12.5 to 3.7 per 1,000. 


SOURCE AND COLLECTION OF WATER, 


The next point for consideration is how a 
copious supply of uncontaminated or thor- 
oughly puritied water can be obtained. 

here is only one source of water—the rain- 
fall. Springs, rivers, lakes, wells, all depend 
for ‘their supply on this one source. A water 
supply, therefore, consists in a method of col- 
lect rain. Let us see what methods are 
available for this pur ; 

The first and simplest is the collection of 
the rainfall from roofs, yards and similar im- 
permeable surfaces. ‘ 

The second is the collection of the surface 
drainage of the soil by intercepting the 
smalier brooks and water-courses. This 
method may be supplemented by artificial 
drainage uf the land, soas to collect at the 
same time a portion of the water that would 
otherwise be absorbed into the ground. 

For larger supplies, such as towns and 
cities, it may be advisable to utilize the na- 
tural watercourses to a greater extent, and to 
draw the supply from some large river or 

2. 
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A fourth source of supply is found in the 
natural reservoirs formed by the permeable 
strata, which become charged witn the rain- 
water absorbed by thesurface. These natural 
reservoirs overflow at certain points, forming 
ae. or they may be tapped by means of 
wells. 


ROOF WATER. 


The first method of collecting the rainfall is 
limited in its application. An area of one 
square yard will yield 4.673 gallons for every 
inch of rainfall, so that a rainfall of 30inches 
per annum will only give about 140 gallons, or 
less than halfa gallon a day. The areaof 
roof of an ordinary house is not more than 
60 feet square, or 400 syuare yards, thus giv- 
ing atotalsupply, if all the rainfall were col- 
lected and there was no loss in the tanks, of 
152 gallons a day. 

It is not possible, however, to collect the 
whole of the water falling on a roof, as there 
is a considerab!e amount of loss by evapora- 
tion, splashing, and waste during storms. 
Not more than eighty per cent. can be counted 
upon. 

The water thus obtained is not always of the 
best, as the roofs get covered with dust and 
the droppings of birds, and the gutters get 
full of dead leaves and other decaying matter, 
all of which is washed down with the water, 
and the contamination is large in proportion 
to the small quantity of water thus collected. 
Rain-water, being practically pure water, also 
has strong solvent properties, and where lead 
is largely used on the roofs or gutters an ap- 


preciable quantity of that metal will be dis- 
solved. 


STORAGE. 


In the calculations just given the total rain- 
fall of the year has been taken as the basis, 
but this rainfall is by no means evenly divided 
over the year, and it is, therefore, necessary 
to provide storage so as to distribute the 
higher rainfall of the one part of the year 
over the periods of drought. 

The proportion of storage required to effect 
this will vary in every district and in every 
climate. In England alone these variations 
are considerable. Thus it is on record that in 
one year it rained 154 days at Lincoln, but the 
total rainfall was only 19.6 inches, and in the 
same year it rained 143 days at Bosley reser- 
voir, with a total fall of 30.2 inches. At 
Lincoln the total rainfall observed during the 
three months of May, June and July was 1.13 
inches, and at Bosley reservoir over 2 inches, 
only two months having less than 1 inch of 
rainfall. 

The returns for last year (the summer of 
which was particularly dry) are not yet pub- 
lished, but we have heard of one place where 
no rain at all had fallen for forty-five days, 
and then only asmall shower giving a little 
over one-tenth of an inch inthe gauge. In 
hot climates the storage of the rainfall is at- 
tended with still greater difficulties on account 
of the long periods of drought and the neces- 
i protecting the stored water from the 

eat. 

In climates, like the English, a storage 
capacity should be provided for a two months’ 
supply at least. 


CATCHMENT BASINS. 


The system of “catchment” basins for im- 
ae the natural drainage of the surface 
s of easy application in mountainous districts, 
where there are large tracts of uncultivated 
ground with considerable slopes, so that the 
water runs off quickly, and thus escapes evap- 
oration and absorption. This class of ground 
also offers facilities for the construction of the 
large reservoirs required. 

In calculating the amount of water that can 
be obtained by this method from a given area, 
the a points have to be taken into ac- 
count :— 


1. The minimum rainfall. 

2. The loss by evaporation from surface, 
3. The loss by absorption. 

4. The loss by floods. 


The minimum rainfall should always be 
taken as a basis, as the losses by evaporation 
and absorption increase in ratio as the rainfall 
diminishes, and all work should be laid out to 
provide sufficient water in the driest season. 

The effect of a small rainfall on the loss by 
evaporation and absorption is well shown by 
the results obtained at the “catchment” 
works, which furnish a portion ot the mony 
to Liverpool. A rainfall of 48.5 inches yields 
about eighty-two per cent. of the total rain- 
fall; whereas a rainfall of 34.5 inches only 
yields sixty-seven per cent. The collecting 
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area in this instance consists of 10,000 acres of 
moorland, and the area of the reservoirs is 600 
acres. Thus, in the first case, 8.7 inches of 
rainfall;were lost, and in the second 11.3 inches 
were lost over the same area. 

As a general rule, a loss of 14 inches per 
annum is taken as the basis for calculation 
in mountainous and uncultivated districts. 
Wooded districts are not suited to this method 
of collection unless the area available is very 
large, as, although the rainfall is usually 
greater, the loss by evaporation and absorp- 
tion is immensely increased, reaching in some 
eases as much as nine-tenths of the total 
rainfall. 

The loss by floods will depend on the size of 
the surrounding reservoirs. 

The quality of the water collected in this 
manner is usually good, as the water is mostly 
filtered through the surface on its way to the 
streams and brooks, and the larger impurities, 
carried down bythe brooks themselves, are 
deposited in the reservoirs. Still it is some- 
times necessary to submit it toa simple and 
rapid filtration, in order to render it clear and 
bright. If eollected from an uncultivated 
district, this water cannot be polluted with 
any large amount of organic matter, and 
what it does contain can only be of vegetable 
origin. 

RIVER WATER. 


The simplest and most natural source of 
water supply is to be found in the rivers; but 
although this source is the simplest, it is also 
the most liable to pollution, especially in 
civilized countries. The rivers running 
through the larger and lower-lying valleys of 
a country, are mostly studded with towns 
and villages, and where these places are pro- 
vided with sewers, the natural outlet for the 
sewer is the river. Even where no sewers 
exist, the subsoil of the town or village must 
in time become impregnated with the drain- 
age from the cesspools, and this in time finds 
its way into the river, either carried down by 
the surface drainage from the lands bevond, 
po ay the river rises and floods the sub- 
soil. 

Except under very exceptional cireum- 
stances, therefore, any water supply drawn 
from riyers must be properly and efficiently 
filtered before distribution. 

The question of quantity is in this case a 
simple one, depending only on the amount of 
water which can be abstracted from the river. 
We may, however, point out that most large 
rivers do not depend entirely for their supply 
on the surface drainage of their watershed, 
but usually derive some portion at least from 
that absorbed by the higher surfaces, which 
finds its way to them from the springs in the 
valleys. 

Thus, for instance, the Thames obtains a 
large accession of water from the springs in 
the chalk. This chalk, from its large area 
(1,047 square miles above Kingston, but more 
than double that in the whole basin). from its 
great thickness, 500 to 1,000 feet, and from its 
veculiar lithological character, fo-ms a very 
mportant source of water supply, both by 
springs and by means of wells. Almost all 
the rain falling on its surface is absorbed 
or percolates through the fissured sur- 
face. The texture is so close that the bulk 
of the rain takes weeks and months to filter 
down to the level of the water line in the in- 
terior of the chalk hills—a line the depth of 
which below the surface of the ground may 
vary from 100 to 300 feet according to the 
height of the hills. The water thus stored es- 
capes in several ways; some by the streams 
rising within the chalk districts; some by 
springs feeding, directly, the larger rivers 
flowing through it; another portion overflows 
at the outer escarpment of the chalk; and a 
larger portion issues near its junction with the 
tertiary strata. A certain quantity also passes 
underground, supplies the wellsgin the cen- 
tral —e area, and escape, in part at still 
lower levels at more distant points. Where 
the rise of the bottom of the valleys is more 
a than that of the line of water level, the 
valleys assume the character so common in 
chalk districts, of dry valleys. Others of 
these valleys tap the springs in their lower 
part, whilst the upper part of the same valley 
sdry. In these cases, the head of the stream 
will often change its position two or three 
miles, higher or lower, in the valley. accor- 
ding as the rise and fall of the water level in 
the bills are influenced by the rainfall. Where 
the deeper and larger river valleys traverse 
the chalk area, and intersect the line of water 
level, the valleys become fringed on the river 
level with a series of springs, and from these 
the Thames receives a large body uf water in 
its course from Wallingford to Datchet. 
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It is calculated that one-third the total 
rainfall of the Thames basin flows down the 
river, though the surface drainage of such a 
flat-lying district cannot amount to more than 
one-fifth. 

SPRING WATER. 

We now come to the fourth and best source 
of supply, springs and wells. 

We need not say anything about quantity in 
the case of springs, as the amount that they 
can supply is easily measured in each in- 
stance. Care must be taken to find out the 
minimum quantity that can be counted on af- 
ter a long period of drought, or consecutive 
dry years, and that is all. 

As to quality, springs almost invariably 
supply excellent water, as their supply must 
necessarily have been filtered through large 
masses of permeable strata, and any impuri- 
ties which may have got into the water at the 
surface are thus removed, Of course we are 
speaking only of constant springs, the over- 
flows of large tracks of permeable strata, and 
not of the small local springs which appear 
after heavy rain, only to dry up after a few 
days. 

Still, springs are not always harmless, and 
it should never be taken for granted that 
spring water is wholesome. It may be highly 
impregnated with mineral matters, such as 
iron or lead, or it may be liable to contamina- 
tion or account of some fissure connecting it 
directly with the surface, through which im- 
pure surface water may reach it. Such fis- 
sures are more especially found in the moun- 
tain limestone. 

At the foot of the Mendip Hills there isa 
large spring which always contains lead in 
dangerous quantities when lead dressing is 
carried on at some works on the summit of 
the hills about four miles distant from it. 
These lead works run their waste matter into 
one of these fissures, or swallerts as they are 
called, and this fissure must communicate 
with the spring. Yet another factory, only 
about half-a-mile from the other, which also 
runs its waste water, charged with lead slimes 
and carbonate of lead in solution, into another 
swallert, has no effect on the spring, nor, as 
far as is known, on any of the many springs 
which abound at the base of the Mendips. 

WELL WATER. 


Springs, are, however, not always available, 
and the other method of obtaining a water 
supply from the underground reservoirs of 
naturally-filtered water is by means of wells. 

In cases where a bed of impermeable rocks 
overlies a basin of permeable rocks the hy- 
draulic pressure in the water-bearing strata 
may be sufficient to raise the water up to the 
surface of the ground, or even higher, and the 
well or hole through the impermeable strata 
is then an artesian well. This, however, is 
the exception, not the rule. In most cases, 
the water-bearing strata having been reached, 
the water has to be pumped tothe surface. 

The great difficulty with regard toa water 
supply from wells is their uncertainty. 

In answering the question, as to whether a 
well at a given spot will yield water, the fol- 
lowing points must first be considered: 

Is the ground permeable over a large area, 
and will the impermeable strata below the 
point be below the hydraulic level? In order 
to answer this question the hydraulic level 
will have to be approximately determined 
from the level of the springs at the outcrop of 
the impermeable strata, and this will have to 
be compared with the probable lie or dip of 
those strata. If from this it appears that the 
impermeable rocks will be reached before the 
hydraulic level, a well will not yield water in 
any quantity,as it will not tap the reservoir it- 
self, but will only dip into the sheet of water 
continually flowing to the lower lying springs. 
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HYDRAULIC LEVEL. 

In coming to this conclusion it must, how- 
ever, be borne in mind that the hydraulic 
level underground is not a true level, as the 
plane of water will slant more or less in the 
same way as the plane of a river, only in a 
much greater degree dependent on the resis- 
tance offered to the strata to the flow of the 
water. 

This slope of the water-plane is sometimes 
very considerable. There are two wells a 
quarter of a mile apart sunk in the Bagshot 
sands, in which the difference of level is six 
inches, although they are both in the same 
strata, 

Again, although the configuration of the 
upper permeable bed may not be such as to 
offer the likelihood of a good supply, there 
may be another water-bearing bed below, and 
which may be reached after passing through 
the impermeable rocks separating the two 
layers. Thus a well is now being put down to 
the Lower Greensand at Streatham, which, if 
successful, will tap three water-beds, 

1. The sands above the chalk, the top 
layers of which are clayey and almost imper- 
meable. This water-bed has already been 
proved to be capable of yielding two million 
gallons a day, and would probably have 
yielded more if more powerful pumps had 
been used. 

2. Thechalk. 

3. The Lower Greensand which is separated 
from the chalk by the Upper Greensand, 
which is very argillaceous in the London basin, 
and by the impermeable gault. Generally 
speaking, all the larger strata of the secondary 
and tertiary periods are water-bearing, the 
impermeable lines which separate the water- 
beds consisting of clay bands which run 
through them. The amount of water to he 
found in each depends on the area of outcrop 
and the rainfall. In England the three prin- 
cipal water-bearing strata are the chalk, the 
Lower Greensand, and the New Red Sand- 
stone. 


Of these three the chalk has _ the largest 
outcrop, but its geographical position is such 
that it receives a much smaller rainfall than 
the New Red, so that the actual quantity of 
water absorbed by the latter is probably the 
greater. 

The quality of the supply is also better, as 
itis not so hard. 

Notwithstanding this, the chalk will always 
be the best source of supply, as it is easy to 
work, and should a well happen to fall on a 
hard spot it is easy to drive galleries from the 
bottom, and thus increase the quantity of 
the supply to an almost unlimited extent. 


The East London Waterworks Company 
intend to make an attempt to obtain a large 
supply of water by this means, and are now 
applying to Parliament for powers to raise 
new capital in order to arive several miles of 
tunnels in the chalk underneath their prop- 
erty in the Lee valley, by which means they 
hope to be able to dispense altogether with 
the intake from the River Lee as a source of 
supply. 

Having given a short description of the va- 
rious sources from which a water supply can 
be obtained, and of the principal points to be 
considered with reference te each, we will 
now say something about water itself: its 
properties, and its usual impurities. 


Having previously referred to the sources of 
supply, and incidentally to storage, and be- 
fore going into the question of storage, we 
would point out what, in our opinion, is the 
estimated quantity of water required per head 
of population, the question of storage being 
intimately connected with the total quantity 
required. 


QUANTITY OF WATER PER CAPITA. 

As a general rule one cannot have too much 
water. Rome supplied itsinhabitants with 10 
gallons a head per diem, and yet they had 
none too much. The perfection .of a water 
supply would be a constant supply and no 
taps, but running water everywhere. In a)| 
the systems of religion in which washing 
was made a religioue ceremony, running 
water was enjoined, Our modern method of 
washing in basins and baths, dabbling in 
dirty water, as a Turk calls it, was probably 
the result of a scarcity of supply. 

But an unlimited supply means large drains, 
and for this reason alone it would be imprac- 
ticable in our cities and towns. Professor 
Parkes, who was one of the greatest authori- 
ties on hygienic questions, puts the necessary 
supply at twenty gallons per head for men, and 
twelve per horse, and all military waterworks 
should be based on this as a minimum, and 
increased to thirty and fifteen gallons respec- 
tively in warm climates. 

Having determined the total supply re- 
quired, it will be easy to calculate the storage 
capacity necessary under the different circum- 
stances of source of supply. 


STORAGE RESERVOIRS, 


With rain-water caught on roofs and imper- 
meable gurfaces, a minimum of sixty days’ 
supply must be provided, even where the area 
of collection will yield far more than the total 
quantity required. When the whole of the 
yield is required, the storage capacity must 
be increased to a three months’ supply, so as 
to admit of all the storm water being collected. 

All rain-water tanks should be covered, and 
should not be constructed or lined with metal, 
on account of the solvent action of soft water. 

Impounding reservoirs for the ‘“‘catchment’’ 
of surface drainage should be calculated on 
the same basis, sixty days’ supply where the 
area is sufficiently large to yield the required 
quantity without the storm water, and propor- 
tionately larger if the whole rainfall is neces- 
sary. 

In some cases it will be impossible, on ac- 
count of the expense, to cover these reservoirs. 
Where that is the case they should be made 
as deep as possible to avoid excessive surface 
evaporation and to keep the water cool, and 
the draw off supply pipe should not be less 
than 18 inches from the bottom. 

The evaporation from the surface of shallow 
reservoirs is very considerable even in this 
country, being as much, or nearly as much, 
as the rainfall, while in India it reaches half- 
an-inch per diem. 

While the supply is drawn from rivers, stor- 
age reservoirs are also necessary, not to tide 
over periods of drought, but periods of flood. 
During floods a river is always heavily charged 
with suspended matter and therefore much 
more impure. It is consequently of great im- 
portance to have asufficient store of water to 
be able to go on without drawing from the 
river at all when it is turbid. Two of the 
London Companies have storage capacity for 
fourteen days’ supply. 


SERVICE RESERVOIRS. 


Besides storage reservoirs, service reser- 
voirs are also necessary for storing the fil- 
tered water at a sufficient height to supply by 
gravitation, so that the supply may not be 
entirely dependent on the pumps. These 
reservoirs should always be covered. 

With the impounding system pumping is 
usually unnecessary, as the impounding re- 
servoirs are placed high enough to supply the 
town by gravitation. 

With springs and wells, service reservoirs 
only are necessary’ 

PURIFICATION OF WATER. 


River water being liable to contamination of 
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various kinds, it is generally necessary to pro- 
vide means for its purification. 

The only practicable means of doing this 
are subsidence and filtration. 

The first is effected in the storage reservoirs, 
which atthe same time provide for a supply 
during flood time. The water being at rest 
in these reservoirs, soon deposits all the 
heavier particles, which it holds in suspen- 
sion, and is then more easily filtered. 

FILTRATION. 

Filtration consists in causing the water to 
pass slowly through natural or artificial beds 
of sand and gravel, or other materials of a 
similar character. The efficiency of the fil- 
tration depends on the thickness of the bed, 
the slowness of the percolation, and the fine- 
ness of the grains; thatis, the minuteness of 
the streams into which the water is sub- 
divided during its passage through the filter. 

It is generally supposed that two actions 
take place during the passage of water 
through a filter—the first a mechanical one, 
the suspended particles being arrested by the 
many crooks and turns taken by each minute 
streamlet, or more probably by impact on the 
solid particles of sand ; and thesecond a chem- 
ical one, consisting inthe oxidation of those 
bodies contained in the water which are ca- 
pable of oxidation, and caused by the layer of 
air or condensed oxygen which surrounds 
each particle of sand. 

In how far the purifying action of a filteris 
dependent on each of these two properties, it 
is impossible to say, but we rather incline to 
the belief that the first is the principal one, 
and that the chemical action, if it exists at all, 
is very slight. 

The effect of impact in removing minute 
particles of suspended liquids from gases, such 
as tar from gas, and water from straw, is well 
known, and by analogy the same effect should 
be produced with solid matters suspended in 
liquids. 

We will presently refer to the remarkable re- 
sults that have been obtained by means of fil- 
tration in removing the minutest particles with 
which we are acquainted, viz., micro-organ- 
isms and their germs. There is, on the other 
hand, but slight evidence in favor of the 
chemical action of a filter, and some things 
point distinctly to its absence. Thus, when a 
filter is worked at a very slow rate, it will effi- 
ciently filteran equal quantity of water, if 
nota greater quantity, and yet the grains of 
sand have been much longer immersed, and 
therefore the coating of air should have been 
sooner removed by solution in the water than 
in the quicker working filter. Again, natural 
beds of sand and gravel also form efficient 
filters, although they are continually im- 
mersed, and the condensed air must, therefore, 
be reduced to a minimum. 

But whatever the action of a filter may be, 
it has been proved that after a certain time its 
efficiency diminishes, probably through the 
rounding off of the corners of the channels by 
the aggregation of the particles previously de- 
posited, and partly by the choking up of the 
channels themselves by the larger particles. 
When this stage is reached the filter has to be 
cleaned. 

Before, however, describing the process of 
cleaning, a short description of the ordinary 
construction of a filter bed may be of interest. 


FILTER CONSTRUCTION. 

A cement-lined water-tight basin is con- 
structed along the floor, of which a main 
channel or drain is laid which delivers into 
the pumping well. The whole flooris then 
covered with round or square drain pipes laid 
with open joints. These drain pipés are laid 
at right angles to the main drain, towards 
whieh the cement floor has a slight fall so that 
all the small drains will deliver into it. 


The whole surface is now covered with about 
2 feet of coarse gravel, then with a line of fine 
gravel, and finally with a good layer of sharp 
fine sand. The actual proportions of these 
different materials vary with the specification 
of the Engineer,as no rule exists as to the 
best proportions, although the theoretical 
view of the mechanical action of a filter 
would point to as thick a layer of fine sand 
as practicable. 


LONDON FILTERS. 


The filters used by the seven water compa- 
nies which supply London with filtered water 
are constructed as follows: 


Feet. Inches. 

New River— 

Gravel, increasing in coarseness towards 

EE cacudneccxcstediebacdsx cadty f 0 

A eis: userid Smnseinn dis 9 3 
East London— 

CORTES BEBVER cece c cccccccccecccceccccesece 1 0 

ME icavcpéat sdbsaccdvciteccccsessens ecee 0 6 

| MTEC: PETE OR CT CCT ETTORE LOTT 2 0 
Southwark and Vauxhall— 

RR NUNUOD ccccccctcnceuss covssecetoscee 0 9 

Fine gravel Dak deddeiamelcees kwh. caaks ab ote 0 9 

UITEUT « cccccccscccsccceccse seccscs coserecs 1 0 

MING ys bp wasdcdhstecesedtsesebense 3 0 
West Middiesex— 

TRUE ab ones bbddes co ces ee knve Uae edbinede 2 3 

PG vin ceeeeed nace segteded Caeeeeus 1 0 

es ae inn ot cid emg meena 2 3 
Grand Junetion— 

re or ee 1 0 

Oe .. . SEEEEEEELE EEE PLOT LETTE ETT Lee 0 9 

RIS cndives ccicaccn enecabaaducdadal 0 9 

ttt bias dickxideeapndwacbekances a 6 

NI 65 acs och cuechieecedeeneses 2 6 
Lambeth— 

CHORIN MURIEL. «5 occ ccccccccncsescesesosses « 3 0 

and nukicdhoavncskaeeahausgtasignad< 1 0 

I cc ccescas “seunscdy dabei 3 0 
Chelsea— ; 

Sate <seblddicrso6eccueseeerdeeciunanee 3 3 

A ningveesibug dbedadéWaeanerduasacetese 0 3 

I tLe ee kacenerens ee 6 


From this table it will beseen that the prac- 
tice varies considerably even among the Lon- 
don water companies: in no case, however, is 
there less than 2 feet of fine sand. 

The other factor on which the efficiency of a 
filter depends is the rate of filtration, and the 
Metropolitan Water Examiner has continu- 
ally impressed on the companies the neces- 
sity of diminishing this rate as much as pos- 
sible; whereas the rate of filtration of some 
of the companies was in 1871 as high as 8} 
gallons per square foot per hour in summer, 
when the largest supply is required, the high- 
est is now 2 feet per hour and per square foot 
of surface. The total area of filters has also 
been sufficiently increased to allow of the 
whole area being cleared once a month when 
required. 

As aresult of these improvements, and the 
removal of the intakes further up the river, 
complaints as to the quality of the water 
supplied, which used to be numerous and re- 
ceived both by the companies themselves and 
by the Local Government Board, are now of 
comparatively rare occurrence. 


CLEANING FILTER. 


The cleaning of the filters is a most im- 
portant matter, and one regarding which no 
certain rules yet exist, the present practice 
being to clean a filter as soon as it requires 
more than a given head, varying with the 
companies from 12 to 6 inches, to get the 
proper quantity through. 

As long as chemical analysis was the only 
means available to the Water Engineer to 
judge of the efficiency of the Operations of 
which he had charge, this rule-of-thumb ap- 
peared effective, but the new methods of logi- 
eal examination indicate that this rule does 
not always apply to the minute organisms 
which form the active portion of the organic 
impurities. We have not yet secured the ne- 
cessary data from which to determine what the 
rule should be, but we hope soon to be able to 
throw considerable light on this question. 

When a filter is cleaned the top layer of 
sand, in which nearly all the impurities are 
errested, is skimmed off; the depth of this 
skimming varies with the amount of impur- 
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ities from § to 2 and even 3 inches. The 
sand below is then turned over and levelled, 
and fresh sand added. The sand removed is 
carefully washed in running water and kept 
to be used again. The lower portions of the 
sand do not appear to get dirty until the Alter 
has been a long time in use, in some cases 
several years; but a time comes when the 
skimming no longer cleans the filter suffi- 
ciently; it is then necessary to renew the 
whole of the filter, down to the coarse gravel. 
NATURAL FILTERS. 


Besides the artificial filtering beds just de- 
scribed, two of the Thames companies are 
now using an auxiliary process of filtration 
through the natural gravel beds which form 
the banks of the Thames at Hampton. 

These gravel beds are at all times full of 
water, which forms an underground river as it 
were, and perforated pipes were laid in this 
gravel and connected with a pumping well in 
order to utilize this water, which is always 
clear and bright on account of the filtration 
which it has necessarily undergone. It was 
found, however, that the supply from this 
source was smali, the clay underlying the 
gravel not allowing the pipes to be placed 
more than 4 feet below the hydraulic level, 
and this head was too small to foree the 
water through the great thickness of gravel. 

In order to inerease the supply it was deter 
mined to flood the bed with water direct from 
the Thames, and for this purpose a second 
series of perforated pipes were laid parallel, 
to act entirely independent from the first and 
at about thirty yards distance. 

This second series of pipes was placed in 
direct communication with the Thames, but 
provided with a small vertical sand filter to 
arrest the coarser impurities. 

By this means the yield of the pumping 
well has been considerably increased ; 3,000,000 
gallons a day of perfectly-filtered water are 
obtained from forty acres of ground, and the 
appearance of the water is not affected by the 
turbidity of the river. 

It is possible that the natural beds of gravel 
may in time become choked, but the rate of 
filtration is so slow that this will certainly not 
take place for some years. In order to make 
assurance doubly sure, all the water obtained 
in this way is again filtered in the ordinary 
way, 

For temporary supplies, such as may be re- 
quired for military purposes, this method of 
filtration will often be found easy of applica- 
tion. If a trench is dug along the side of a 
river, in the gravel bed, to a depth of 3 or4 
feet below the water level and lined with per- 
forated pipes, and the whole then filled in 
carefully, it willform a good substitute for a 
filtering establishment, and no masonry will 
be required except for the pumping well. Care 
must, however, be taken to place the pipe at 
least 20 feet from the river, and the ground 
should be high enough to be out of reach cof 
floods, unless the pipe is at a considerable 
depth, as otherwise the flood waters would 
r ach the pipe through a small! thickness of 
ground, and that not the best of filters, as the 
layer of fine sand would be absent. 


WATER SOFTENING PROCESSFS, 


Before leaving the question of purification, a 
few words are necessary on the various water 
softening processes which are in use. Hard 
water is objectionable for many reasons, and 
it is certainly advisable, where possible, to 
soften all chalk waters. This is done by add- 
ing milk of lime or clear lime water to the 
water in nearly equivalent quantity to the bi- 
carbonate of lime dissolved in the water; the 
bicarbonate parts with its second equivalent of 
carbonic acid, aud the two eqnivalents of car- 
bonate of lime are precipitated. It is not ad- 
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visable to entirely remove the bicarbonate, as 
there would then be the danger of the water 
containing sume caustic lime in solution. The 
water is usually left with four degrees of 
hardness. 

With clear well water froin the chalk, the 
precipitate of carbonate of lime is removed by 
allowing it to settle, which it does very rapidly, 
and in doing so carries down with it a portion 
of other impurities. Notably it diminishes the 
amount of total organic matter, and the num- 
ber of micro-organisms contained in the water. 

This softening process, which is excellently 
adapted to well water, is less easily applied tc 
Thames water, as the suspended clayey mat- 
ters prevent the carbonate of lime from set- 
tling completely, and a filtration is therefore 
necessary, which offers more difficulties than 
the ordinary filtration, as the particles of car- 
bonate of lime penetrate far into the sand, 
and soon choke the filter. 

The Royal Commission of 1868, on the Lon- 
don Water Supply, came to the conclusion 
that this process was notapplicable to Thames 
water, 

The distribution of water is not included in 
the subject of this lecture, as although it 
forms a large part of the Water Engineer’s 
work, it is of minor importance to the Military 
Engineer, who can enforce cleanliness among 
his men, and bring them to the water when it 
is difficult or inconvenient to take the water 
tothem. We would, however, urge one point. 
and that is that all small cisterns should be 
avoided as much as possible; the supply 
should be drawn direct from the main. 


CHEMICAL ANALYSIS. 


Having given a general outline of the 
sources of supply, methods of collection, ef- 
fects of impure water, and the methods 
adopted for its purification, the various chem- 
ical methods of examining water will now be 
referred to, and alsothe new biological method 
of Mr. Koch, which we are applying to the 
London waters; and from which we hope to 
derive a great deal of valuable information as 
to the action of filters. Chemical knowledge 
being thus allied to engineering skill in all 
matters connected with the collection, storage, 
purification, and examination of water, we 
hope to be able to approach somewhat to the 
millenium of a proper water supply, viz., un- 
limited quantity, perfect quality and moder- 
ate cost. 

In the language of chemists, all water which 
is found in nature is said to contain ‘* Impuri- 
ties,’ inasmuch as the chemist understands 
by ‘‘ pure water,’’ a substance which if placed 
under natural conditions is incapable of re- 
taining its purity even for a fraction. of a sec- 
ond. 


PURE WATER. 


This pure water of the chemist is a com- 
pound of sixteen parts by weight of oxygen, 
and two parts by weight of hydrogen, and is 
free from every other ingredient, either liquid, 
solid or gas. But water,even if prepared from 
its elements—oxygen and hydrogen—immedi- 
atelv suffers, at the very moment of its forma- 
tion, what to the chemist is ‘‘ contamination.”’ 

Thus, if we allow a jet of hydrogen to burn 
in the air, the hydrogen combines with the 
oxygen of the latter, to form water, but atthe 
moment of its formation this water exerts its 
solvent action upon the gases of the atmos- 
phere—oxygen, nitrogen and carbonic acid—so 
that the liquid running from the cool surface 
upon which the hydrogen-flame is allowed to 
impinge is not “ chemically pure’’ water, but 
is water containing a certain quantity of these 
atmospheric gases in solution. Water so pre- 
pared has thus, chemically speaking, experi- 
enced gaseous contamination. The same 
phenomena present themselves when water is 
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condensed from its vaporous condition—steam. 

Thus distilled water, at the moment of its 
condensation in contact with the air, dissolves 
the gases of the latter and ceases to be chemi- 
cally pure. That such distilled water really 
does contain dissolved gases may be readily 
demonstrated by raising its temperature, when 
long before it actually reaches the boiling 
point, bubbles of gas become disengaged, ow- 
ing to the fact that hot water can retain less 
gas in solution than cold. 

Bearing these considerations in mind, we 
should anticipate that water which has un- 
dergone natural distillation should also con- 
tain, at any rate, these gaseous impurities, 
The distilled water found in nature is rain 
and dew, and as a matter of fact these varie- 
ties of natural water are always found to con- 
tain atmospheric gases in solution. 


IMPURITIES OF WATER. 


The impurities contained in rain-water, dew, 
and hoar frost are, however, not limited to 
gases, for it must be remembered that these 
waters are condensed from very large volumes 
of air, and that this air always contains solid 
particles of different kinds in suspension. 
These particles are more or less washed out 
of the air by rain or dew. In fact, analy- 
sis shows that rain and dew are very far from 
being chemically pure water, as isseen from 
the following Table. 


composition of the water and the latter jg 
often wholly or partially effaced. 

It is, therefore, necessary, in classifying 
natural waters, to take other points into con. 
sideration besides mere geological formation; 
and in classifying waters for sanitary pur. 
poses, the points which are of the greatest 
consequence are not so much whether a water 
is derived from a particular formation, as 
whether it has been obtained from some 
surface source, such as a river or lake, or 
from subterranean sources, such as springs or 
wells. 


CLASSIFICATION OF WATER. 


Thus the following classifications will be 
found extremely useful in formulating our 
ideas as to the origin of water :— 


Class [.—Rain- Water. 


This class includes all waters drained from 
the more elevated areas, which are, therefore, 
but slightly, if at all, cultivated or manured. 

Class II.— Upland Surface- Water. 

This class may be sub-divided according to 
the geological character of the ground 
drained, more especially as to whether these 
formations are of a calcareous or non-calea- 
reous nature. Thus, whereas the surface- 
waters from igneous rocks, from the old red 
sandstone and similar formations, are almost 
invariably non-calcareous or soft, those from 
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It is thus seen that dew and hoar frost are 
even less pure forms of water than rain, a re- 
sult for which we are quite prepared, when 
we remember that they are condensed out of 
that stratum of air which is in closest prox- 
imity to the surface of the earth, and which is 
consequently more highly charged with im- 
purities than the more elevated couches of the 
atmosphere in which rain-water has been con- 
densed. Dew and hoar frost are thus the 
washings of the most impure portions of the 
atmosphere. 

If water which is collected direct from the 
atmosphere (be it in the form of rain, or be it 
in the form of dew or hoar frost) is found to 
contain impurities so considerable in quantity 
as those indicated in the above table, it is not 
surprising to find that water which has been 
in actual contact with the earth’s surface 
generally exhibits impurities in far larger 
quantities than do those which have been in 
contact with the atmosphere only. 

The amount as well as the nature of the im- 
purities, which water contracts in passing 
over the surface and through the pores of the 
earth, is, of course, mainly dependent upon 
geological, or rather mineralogical, character 
of the ground over which it takes its course. 
Indeed, it may be stated generally that each 
geological formation yields water of more or 
less characteristic composition. The most 
marked differences in this respect being as to 
the proportions of lime and magnesia salts 
which waters from different formations con- 
tain, or, in other words, as to the ‘“‘ hardness”’ 
which they exhibit. It must, however, be re- 
membered that the conditions produced by 
the hand of man, either in the way of habita- 
tions or in the cultivation of the soil, so largely 
alter the original conditions due to geological 
formation, that the connection between the 





the chalk, limestone and oolite formations are 
almost invariably hard. 


Class III.—Surface-Waters from 
Land. 


These waters drain from land which has 
been cultivated or manured, and, as already 
mentioned, this treatment of the land tends to 
make more or less the characters of the water 
due to geological formation. However, in this 
class also the general distinction between 
waters from calcareous and waters from non- 
calcareous strata is generally sufficiently pro- 
nounced. 


Class IV.—Shallow Well- Waters. 


This is an exceedingly important class, in- 
asmuch as avery large proportion of the in- 
habitants of the globe are dependent upon 
water of this class for ordinary dietetic pur- 
poses. These wells are almost always sunk 
in the immediate vicinity of human habita- 
tions, not unfrequently under these very habi- 
tations themselves, and then generally in the 
closest proximity to the offal department of 
such dwellings, and they are, therefore, 
almost invariably exposed to contamination 
by the excrements of man or animals. In 
consequence of this contamination these 
waters are generally calcareous, often very 
highly so, and quite independently of the 
nature of the soil in which they are sunk. 

Class V.—Deep Well- Waters. 

By deep wells we understand those wells or 
borings which are above 100 feet deep in 
depth, and some of which have been carried 
to a depth of 1,000 feet and more. ‘Ihe water 
obtained from these wells has generally 
undergone a most exhaustive process of filtra- 
tion, both perpendicularly and horizontally; 
and, although this water may have been 
more or less polluted at the surface, yet 
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through this exhaustive process of filtration 
many of the ingredients, and notably the 
organic ones, have generally become very much 
reduced in amount; but such water is almost 
always very far removed from what has been 
already described as the chemist’s definition 
of ‘pure water,” inasmuch as they generally 
contain a considerable proportion of mineral 
matter—in fact, very appreciably more than 
most surface-waters. 
Class VI.—Spring Waters. 


The water of this class is essentially the 
same as that obtained from deep wells, the 
only difference between the two being that 
the spring-water is brought to the surface by 
nature, through the configuration of the 
ground, whilst the deep-well water is only 
prought to the surface by the agency of pumps 
or other artificial means. 


Thus of these six classes of water, the first 
classes or rain water is the one which least 
diverges from chemically pure water, since, as 
already pointed out, to the chemist everything 
in water is an impurity which is not oxide of 
hydrogen. 

ORDINARY PURE WATER. 

In ordinary language, however, pure water 
is intended to convey avery different impres- 
sion from what these words imply to the 
chemist. By ‘“‘ pure water’’ is commonly un- 
derstood water which contains nothing pre- 
judicial to health in the case of potable or 
drinking water, or nothing calculated to de- 
stroy the success of a technical operation, 
when the water is intended for industrial pur- 
poses. 

In the first place, we must consider the 
question of the purity of water in relation to 
health, and the connection between impure 
water and disease. 


IMPORTANCE OF PURE WATER. 

The great importance of a pure water supply 
in the interests of public health is daily be- 
coming more generally recognized, as is also 
the connection between the two becoming 
more fully understood. 

In studying this question, it has been found 
that most of the substances ordinarily present 
in water, and which, chemically speaking, 
are impurities, have little or no influence 
upon health. A carefully-instituted statistical 
inquiry has shown, for instance, that hard 
and soft water, i. e., water containing and wa- 
ter comparatively free from salts of lime and 
magnesia, are both equally fit for dietetic 
purposes, and that the danger in water is not 
to be sought in the presence of these mineral 
substances, but in matter of an organic na- 
ture. It is not, however, all organic matter in 
water that can be regarded as dangerous. 
The study of zymotic or infectious diseases, 
which has during the past fifteen or twenty 
years been prosecuted with such unremitting 
zeal, has established the fact that some of 
these diseases can be transmitted from animal 
to animal, from man to man, through drink- 
ing water which has become contaminated 
with the excrements of those suffering from 
such diseases. In the case of man this has 
been most clearly demonstrated for cholera 
and typhoid fever. Thus the organic matter 
in water which we have to fear is that 
which has an excremental or sewage origin. 
Not that even such organic matter is in itself 
injurious to health, for sewage-contaminated 
water is daily consumed by millions of per- 
sons without any prejudicial effect. Itis only 
when the sewage is derived from diseased 
persons that we know it may carry the power 
of communicating these diseases with it. Itis 
obvious, however, that since sewage may at 
any time become thus infected, it is necessary 
that all water which has been contaminated 
With sewage should be condemned for drink- 
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ing purpose. It is, moreover, proved that 
these infectious properties can be exerted by 
excessively minute quantities of infectious 
matter ; in illustration of tbis, it is only neces- 
sary to bear in mind the small quantity ot 
material which is introduced into the system 
in the operation of vaccination, and which yet 
produces precisely the same result as when a 
larger quatity is employed. 


INFECTIOUS DISEASES. 


The investigation of the exciting causes of 
infectious diseases has demonstrated most 
conclusively in the case of several of these 
diseases that they are produced by minute 
living organisms similar in their appearance 
and nature to those which have long been 
known to be the cause of fermentation and 
decay. There is but little doubt that such or- 
ganisms will sooner or later be found to be 
the cause of all infectious diseases, and in the 
case of typhoid fever and cholera, which, as 
already mentioned, are known to be communi- 
cated by water contaminated by the excre- 
ments of persons suffering from these dis- 
eases, organisms have been found in these 
excrements which are believed, with a consid- 
erable degree of certainty, to be the excit- 
ing causes of these diseases. With these 
minute organisms we hope to make you 
further acquainted before the close of this lec- 
ture, but for the present we wish you to 
clearly understand that what we have to fear 
in the way of water-contamination is neither 
the mineral matters which we have seen are 
often present in comparatively large quanti- 
ties in the best waters, nor yet organic matter 
per se, but only these minute organisms ¢a- 
pable of exciting zymotie disease, which, as 
we have seen, may at any time be associated 
with organic matter of a certain kind, viz., or- 
ganic matter of animal origin. 


It would thus, at first sight, appear that the 
chemical composition of water was of little 
service in throwing light upon its wholesome- 
ness, since these minute organisms capable of 
producing disease are beyond the scope of 
chemical analysis. But such is not actually 
the case; it is true that artifically water may 
be prepared which, although almost chemi- 
eally pure, is yet of the most deadly char- 
acter. Thus, in this bottle we have some wa- 
ter which is chemically far purer than any 
water found in nature, and yet every drop of 
which is capable of: producing, if properly 
administered, a most fatal disease—splenic 
fever of cattle and malignant pustule or wool- 
sorters’ disease in man. This water has been 
prepared by adding to water which has been 
carefully purified by the most refined chemical 
processes an almost imponderable quantity of 
the organisms which produce this terrible 
disease. Fortunately, however, such crafty 
waters as this are rarely, if ever, met with 
under ordinary circumstances. The micro- 
organisms of disease do not naturally find 
their way into water in this isolated state, as 
was the case in this artificial contamination, 
but they are carried into the water along with 
the organic substances, ¢.g., the excreta of 
patients, with which they are associated. 
And so it is that the presence of animal sub- 
stances in water must always be viewed with 
extreme suspicion. Now, the presence of 
animal substances can be detected, with more 
or less certainty, by chemical analysis, and 
thus the erganic constituents of potable wa- 
ter become a matter of the highest impor- 
tance, and the discrimination between organic 
matter of vegetable, and that which is of 
animal origin, a problem of the greatest in- 
terest. Moreover, since these animal sub- 
stances are also accompanied by a large 
quantity of certain mineral substances, and 
give rise to further definite mineral sub- 
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stances, when they undergo natural decompo- 

sition, the presence or absence of certain 

mineral substances in water becomes also a 

matter of paramount importance. The sub- 

stances which thus guide us in forming an 
opinion of the fitness of water for drinking 
purposes are :— 

Total Solid Residue, Organic Carbon, Organic 
Nitrogen, Ammonia, Nitrogen as Nitrates 
and Nitrites Chlorine. Hardness (tempo 
rary, permanent and total), 


POTABLE WATER. 

Let us briefly consider how these data may 
be turned to accountin ascertaining the fit 
ness of water for drinking. 

Firstly, as regards the total solid residue 
left by water on evaporation, this alone affords 
some guidance as to the relative purity of 
water, for it may be safely concluded that 
waters leaving very large residues on evapor- 
ation are unfit for domestic use, whilst, on the 
other hand, waters containing a very small 
residue are almost invariably free from any 
serious contamination. Between these two 
extremes, however, we find by far the greater 
number of waters, in which the amount of the 
solid residue does not throw any light upon 
the quality of the water. 


ORGANIC MATTER IN WATER, 


Of all the constituents of water, none are, 
as has already been pointed out, so impor 
tant, from a sanitary point of view, as the or- 
ganic constituents. The organic matter pres- 
ent in water cannot be determined en masse, 
as chemists are at present only able to deter- 
mine with accuracy two of the elements which 
form part of this organic matter, viz., carbon 
and nitrogen. A knowledge of the organic 
earbon and nitrogen in water, however, is of 
the greatest importance, for in the first place 
we can at least compare the amount of organic 
matter in different waters, whilst, in the se- 
cond place the proportion of the organic car- 
bon to the organic nitrogen often elucidates 
the principal origin of the organic matter 
present. Itis a well-known fact that animal 
substances are, aS a general rule, richer in 
nitrogen than vegetable substances, and con- 
sequently if in water the organic matter has 
a high proportion of nitrogen to carbon, this 
organic matter may, with more or less cer- 
tainty, and subject to further considerations, 
be referred to an animal origin, i.e., sewage. 
Moreover, we find that the organic matter in 
water, which we know to be contaminated 
with sewage, dnes exhibit this high proportion 
of nitrogen to carbon, and that water, which 
we know to have only received vegetable or- 
ganic matter, exhibits a lower proportion of 
nitrogen to carbon. 

Thus the proportion of nitrogen to carbon 
in 
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Unfortunately the proportion of carbon to 
nitrogen in most waters is not so pronounced 
as this, so that the problem of referring the 
organic matter to its origin is not in practice 
so simple as would appear from the above 
figures. 


Weare, however, frequently assisted in this 
difficulty by a study of some of the mineral 
constituents, especially ammonia and nitric 
acid. These substances are almost exclusively 
produced in nature by the decomposition of 
animal substances, vegetable matter yielding 
under the same circumstances but little or 
nothing of these products. In illustration of 
how intimately nitric acid is associated with 
animal matter, we need only remind you of the 
manner in which nitrate of potash is commer 
cially produced in India and other hot cli 
mates. 
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HOLY WELL OF MECCA. 

The quantity of nitrogen, as nitrates, pre- 
sent in the waters of the east is sometimes 
enormous. ‘Thus, about five years ago, we had 
an opportunity of analyzing a sample of water 
from the Holy Well of Mecca, a water which 
enjoys a high reputation amongst the faithful 
of the Mussulmans for its remarkable healing 
properties. Now, this water is indeed re- 
markable, for it contains by far the largest 
amount of nitric acid, undoubtedly derived 
from the decomposition of animal matters, of 
any water which we have examined. The ac- 
tual proportion present is 59.95 parts of nitro- 
gen as nitrates and nitrites in 100,000 parts of 
water, and in order to more clearly indicate 
to you what the significance of this is, we may 
state that if the whole of the nitrogen in the 
average London sewage as it is poured into the 
river Thames, in the vicinity of Waolwich, 
were converted into nitrates, it would only 
yield one-sixth part of the amount present in 
the water of this Holy Well of Mecca. In 
other words, this much esteemed and highly 
favored water of the city of the Prophet, is 
derived from sewage of six times the state of 
concentration of average London sewage. 
The obvious moral for the western infidel is 
beware of Holy Wells and their contents. 

But to return from this digression. From 
what has been said, you will readily under- 
stand that those mineral ingredients—nitrates 
and ammonia—must be regarded as mainly 
the products of decomposition of animal mat- 
ter, with which the water has formerly been 
contaminated. It has been attempted to con- 
vey this idea by the often much misunder- 
stood expression—previous sewage contamina- 
tion. 


SOURCES OF CONTAMINATION, 


In considering the sources of contamination 
we must now consider briefly how water be- 
comes contaminated with these animal sub- 
stances, which, as we have seen, are s0 much 
to be dreaded dn water. Different kinds of 
water are subject to contamination in differ- 
ent ways. ‘Thus river or running water is 
generally contaminated wherever habitations 
are found in its vicinity, by the reckless dis- 
charge of every kind of drainage into the 
stream. Running water is obviously a mosi 
convenient receptacle for all the foul matters 
which are necessarily produced wherever liv- 
ing creatures are congregated together, and 
such is the natural sellishness of man that as 
long as his refuse is rapidly removed from his 
own vicinity, he cares little what becomes of 
it, and is quite indifferent to its being a source 
of nuisance or injury to his less fortunate 
neighbors, who are situated lower down the 
stream. There is probably no form of selfish- 
ness which regarded in the abstract is so un- 
speakably revolting, and which is yet so uni- 
versally widespread. It matters little to an 
individuai, or to the authorities of a town, 
that those situated lower on the stream are 
obliged actually to drink the very water which 
they employ to carry off their sewage, and un- 
til interfered with by the arm of the law, 
which inthis matter is anything but strong, 
they will continue their systematic course of 
river pollution without scruple. The obvious 
result of this is that all rivers in the lower parts 
of their course become more or less contami- 


nated with town drainage. In recent years 
much has been done, only in rare cases volun- 
tarily, to mitigate this evil in its grosser 
form, by submitting such drainage to pro- 
cesses of purification before discharge into 
running water, and although such purification 
should be rigorously insisted on, it must not 
be supposed that even the most approved 
methods of purification wholly remove this 
evil. 


CONTAMINATION OF WELLS. 
The contamination of wells presents some 
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remarkable points of difference from the con- 
tamination of rivers an‘ streams. In the first 
place, whilst in the pollution of rivers, the 
water is rarely or never contaminated by the 
persons who have to drink or otherwise use it, 
wells are generally polluted by the very in- 
dividuals who use them. This is owing to 
wells, especially shallow ones, being almost 
invariably sunk in the immediate vicinity of 
human habitations, and each well being, as a 
rule, intended only for the supply of a single 
house. These: wells are generally separated 
from privies, cesspools, or drains, only bya 
thin barrier of porous soil, the result being 
that the waters of such wells consist of little 
else than sewage, clarified by reolation 
through a few feet of soil. The thoughtless- 
ness and ignorance which in general marks 
the selection of sites for shallow wells is 
simply appalling. Indeed, there cannot be 
the slightest doubt that an immense propor- 
tion of the mortality from typhoid fever, and 
probably from other diseases, is to be attrib- 
uted to the revolting practice of placing 
privies or cesspool and wells in the closest 
juxtapositon. For in country places, where 
the population is usually entirely dependent 
upon shallow wells for its water supply, it 
will be found to be arule to which there are 
but few exceptions, that where a well is, there 
are the cesspools and drains gathered to- 
gether. It might have been anticipated that 
this proximity would naturally excite the sus- 
picions of civilized or even semi-civilized be- 
ings, but it is remarkable how difficult it is 
often even to convince persons laying claim 
to education, that such wells are fraught with 
constant danger to health. In such cases the 
argument used is invariably the same; it is 
urged that the water has been drunk for years 
without any injury to anyone. This is no 
doubt often the case, but from what has been 
already stated with regard to the communica- 
tion of zymotic diseases, it is obvious that it 
is only necessary fora cee patient to 
become a polluter of such a well for the latter 
to become a focus of disease. 


POLLUTION OF DEEP WELLS. 


The pollution of deep wells offers, again, 
certain points of difference from the pollution 
of shallow wells. In a properly constructed 
deep well, the shaft to a depth of about 100 
feet is rendered perfectly water-tight by 
mneans of iron cylinders, thus rendering it im- 
possible for any surface-water tosoak into the 
well, but there are two ways in which pollu- 
tion may arise notwithstanding. In the first 
place unless the shaft be properly protected 
at the mouth, surface-water may there gain 
access, but this can only arise in consequence 
of negligence and can be easily remedied 
when discovered. There is, however, a far 
more subtle possibility of contamination to 
which deep wells are exposed, and which has 
recently been prominently brought before the 
notice of the public. The water which is ob- 
tained from a deep well has, of course, origi- 
nally been derived from the surface, and the 
only reason why such deep well water is as a 
rule so far preferable to shallow well water is, 
that under ordinary circumstances, before 
reaching the well, it has to undergo a most ex- 
haustive process of vertical and generally also 
horizontal filtration ; if, however, the surface- 
water can be conducted to the water-bearing 
stratum of such a deep well, without under- 
going this filtration, it is obvious that the water 
of such a deep well will cease to possess an 
superiority over the water of a shallow well, 
Now such a direct supply of untiltered surface- 
water may take place through natural fissures 
in the earth, or it may take place, exception- 
ally, through artificial channels. 

here such pollution arises through natural 
channels, the evilis beyond remedy and the 
water bearing stratum has to be abandoned. 
Numerous instances of this kind are known; 
thus nearthe mouth of the Thames, severa 
wells which have been sunk into the chalk 
have yieldedimpure water, in consequence of 
fissures which admit the surface-water with- 
out filtration into the water-bearing stratum. 

A most remakable case of pollution through 
an artificial channel, which one of us was re- 
quested to investigate, occurred a few years 
ago at Brentford, near London. As the par- 
ticulars of this case are of great interest, and 
the matter one of great public importance, 
naar we may be permitted to describe it in 

etail. 

At Brentford there are two deep wells sunk 
into the same water-bearing stratum, the 
chalk below the London clay; one of these 
wells belonged to a brewery, and the other 
was formerly used for the purposes of a dis- 
tillery; both wells, although at a distance of 


one hundred peste from each other, are inti. 
mately associated, inasmuch as the leve| of 
the water in both wells was similarly effecte: 
7 pumping from either. Some years ago the 
distillery was given up and the premises 
passed into the hands ofa printer, who not re. 
quiring the well for the purposes of his trae 
but considering it desirable that the wejj 
should be turned to some useful account, it 
upon the brilliant idea that the shaft woulq 
form an excellent receptacle for the drainage 
from his works. Soon after the old distillery 
well had thus been converted into a vast cess. 
ete the owner of the brewery, without any 

nowledge of what had been going on upon 
bis neighbor’s premises, observed a most 
serious deterioration in the quality of his 
water, with which he was no longer able ty 
brew. For several years the cause of this de- 
terioration remained unexplained, until he be- 
came casually aware of what had been going 
on at the printing works. His suspicions were 
at once aroused, and being substantiated by 
analyses which were made of the water, indi- 
cating that the latter had suffered contamina- 
tion by sewage, he applied for an injunction 
in the Court of Chancery to restrain the de. 
fendant from fouling his water by pouring 
sewage into the other well. In the course of 
the enquiry which followed, the connection 
between the two wells. which was at first dis- 
puted by the defendant, was established ina 
most striking and unanswerable manner. Into 
the old distillery well of the defendant was 
poured a quantity ofa substance which is re- 
markable for the ease with which it can be de- 
tected, even when present in the most minute 
quantity ; this substance is lithia. As little as 
nine-millionths of a milligram can be detected 
by means ofthe mpoanenesens, Within twenty- 
four hours of putting this substance into the 
defendant’s well, this same substance was 
found inthe water pumped from the well of 
the plaintiff. The chain of evidence was thus 
complete, and the injunction was ultimately 
obtained. 


There are other substances besides lithia 
which can be used for establishing the con- 
nection between waters. Thus we may call 
your attention to this beautiful coloring mat- 
ter, known as Fluorescein, which possesses 
such an enormous tinctorial power that it may 
still be recognized even in a very highly di- 
luted state. Here you see the green color pro- 
duced by one part of this fluorescein in 14,000,- 
000 parts of water. 


SEWER GAS. 


In concluding the subject of water con- 
tamination, one source of contamination must 
be pointed out which is of the greatest impor- 
tance in houses where water is stored in cis- 
terns. This source of contamination is sewer 


as. 

. We have already seen the tendencies which 
builders and architects have to place wells in 
the closest proximity to drains and cesspools, 
and it would appear that this tendency is so 
ingrained that in choosing a situation for a 
cistern containing drinking water they almost 
invariably place the latter either above or be- 
low a water-closet, or place it in direct con- 
nection with the sewerage system. The 
waste-pipe of the cistern affords these gentle- 
men the desired aL making such a 
connection, and anyone who has taken the 
trouble of examining the water-fittings of 
houses must be sufficiently aware of the 
almost universal practice of carrying this 
waste-pipe direct into the sewer. The result 
is that the gases generated in the sewer have 
free access to the surface of the water in the 
cistern, and the noxious matters which these 
gases may at any time carry with them can be 
communicated to the water. 

This source of danger is being continually brought 
before the public by the Water Examiner in bis 
monthly and annual reports on the Metropolitan water 
supply; but the public are notoriously slow to learn. 
and thus in spite of persistent warning we may say, 
without exaggeration. that contamination by sewer-4s 
still remains, even in London, the rule and not the ex- 
ception. 

It is often sunposed that the source of danger in 
sewer-gases resides in the gases themselves, but such 
is almost certainly not the case, and at least there is no 
evidence that itis so. The real danger is doubtless to 
be found in the finely divided liquid particles which 
are carried by the gas; these liquid particles derived 
from the contents of the sewers may obviously contain 
those minute organisms of disease to which we have 
already referred, and which will be readily taken up by 
the water in the ciste/n to which the gas has access. 

The power which gases possess of carrying liquid 
particles in suspension to great distances is illustrated 
by the following experiment;— 








Hydrogen is generated in a solution of sodium 
chloride (common salt), and by placing Bunsen 
burners in various parts of the room it is demon- 
strated, by the yellow tint imparted to their flames, 
that the particles of salt are carried by the hydrogen to 
great distances. 

EXAMINATION OF WATER. 


Having now obtained a general survey of the chief 
constituents of water and of their general signifi- 
cance, we must briefly consider some of the methods 
which we have at our disposal for the examination of 
water. The examination of water may be of three 
kinds— 

1. Physical. 2. Chemical. 3. Biological. 


The Physical Examination of water consists in the ob- 
servation of the color, clearness or degree of turbidity 
which a water exhibits when presented to the eye in a 
stratum of definite thickness, usually 2 feet in length. 

The differences which waters present in this respect 
are very great indeed, for whilst water which is almost 
free from organic matter possesses a fine blue color 
like that of the limpid waters of the Swiss lakes, or of 
the transparent masses of ice which are so familiar to 
all who have visited the glaciers of the Alps, water 
which contains notable proportions of organic matter 
has a color varying from pale yellow to yellow or 
brown, the latter being sometimes even as deep in 
color as coffee. 

In observing these tubes, it will be found that some 
of these colors are strikingly represented; thus we 
find. 


Chatham water to be.....-.-..-.....++ Fine blue. 
Distilled a ebka Gatceduteavesia Fine blue. 
Pee. | hacdcciccccvcnssds Greenish yellow. 


It must be remembered that these colors exhibited 
by water are almost wholly dependent upon the pro- 
portion of vegetable, especially peaty, matter present» 
inasmuch as this has a far greater tinctorial power than 
animal substances which impart little or no color to 
water. On this account the color of water taken by itself 
is quite insufficient to enable us to form asound opinion 
as to the fitness of water for drinking purposes. 

With regard to the clearness of water, it is sufficient 
to say that a drinking water should be perfectly clear 
to the eye, and exhibit no vestige of turbidity. But 
even waters which to the unaided eye are perfectly 
clear may be shown to contain numerous suspended 
particles by passing through them a powerful beam of 
light. When examined in this manner, waters are 
found to present very considerable differences in this 
respect. 

All these tests must, however, be regarded as merely 
auxiliary to the systematic examination of water by 
chemical and biological methods, 

Into the details of the chemical examination of water 
we cannot now enter, as this subject alone would give 
material for a whole course of lectures. We shall, 
therefore, only bring before you a few simple chemical 
tests to which, in theabsence of laboratory appliances, 
water can with advantage be submitted. 

Of the mineral ingredients of natural waters, by far the 
most prevalent is lime, which is generally present as 
both carbonate and sulphate. The relative amount of 
lime present in different waters may be readily exhib- 
ited by means of the following experiment: 

Add ammonium oxalate to different waters, contained 
in tubes, and it will be found that the abundance of the 
precipitate indicates the relative proportion of lime. 

The presence or absence of lime in water is not of 
much importance when the water is only used for 
drinking purposes, but its presence is objectionable in 
water intended for washing or for steam purposes. 
The unpleasantness of hard water for washing is suffi- 
ciently well known, this hardness being imparted to 
water by the presence of lime and magnesia salts. In 
washing, the lime and magnesia combine with the 
soap to form an insoluble curd. and it is not until the 
whole of the lime and magnesia are precipitated in 
the form of this curd that the soap can form a lather 
and exert its cleansing properties. 

This reaction of lime and magnesia salts with soap 
has been made the basis of a method for determining 
the relative hardness of different waters. 

Lime and Magnesia.—The presence of these salts in 
water may be conveniently divided into two classes. 

1, (Temporary hardness)}—Those removed by boiling, 
viz., carbonate of lime and magnesia. 

2. (Permanent hardness),—Those not removed by boil- 
ing, viz., sulphate and chloride of lime and magnesia, 

The difference between thesetwo kinds of hardness 
may be readily illustrated by the soap test. i 

Ammonia.—The presence of even very minute quan- 
tities of ammonia in water may be readily demonstrated 
by means of Nessler’s Reagent, which may be added to 
the water direct if the proportion is large, or to the dis- 
tillate ifsmall. This test is so delisate that one part 
ue still be de- 

Nitrates.—These may be demonstrated by their power 
of discharging the color of a solution of indigo, after 
acidulation with sulphuric acid. 
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Chlorides.—The presence of chlorides, again, may be 
readily demonstrated by means of nitrate of silver used 
in connection with potassic chromate. 


Organic matter.— Although the accurate determination 
of organic carbon and nitrogen is the most difficult 
point in the chemical analysis of water, the mere qual- 
itative demons ration of the presence of organic mat- 
ter in quantity can be readily performed by means of a 
dilute solution of Permanganate of Potash, the color of 
which is discharged when added to a water containing 
much organic matter. 


As already mentioned, the kind of contamination 
which is most to be feared in water is the presence of 
minute living organisms capable of communicating 
zymotic diseases such as typhoid fever and cholera. 
Such organisms may be introduced into water by 
means of sewageand other animal refuse. All natural 
waters contain micro-organisms, but by far the greater 
number of these are of a perfectly harmless character, 
Now the biological examination of water consists in 
discovering the relative abundance of these micro-or- 
ganisms, and in ascertaining, if possible, whether any 
of them are dangerous to health, 

Until quits recently there was no satisfactory method 
of examining waters for micro-organisms, but within 
the last few years an exceedingly ingenious process 
has been initiated by Dr. Kochof Berlin, by means of 
which not only the number of certain of the organisms 
present may be approximately ascertained, but by 
which also the different kinds of organisms may be ob- 
tained in an isolated condition. 


This is effected by distributing the organisms con- 
tained ina given volume of water throughout a nutri- 
tive or “ cultivating medium” as it is usually called. the 
peculiarity of the cultivating medium employed being 
that although itis liquid when warm it is solid at the 
ordinary temperature ot the air. 


This medium is prepared by adding to an exceed- 
ingly nutritious beef-tea, a certain quantity of gelatine, 
which imparts the solidifying or gelatinizing power to 
the whole. 


In this medium, when in a fluid state, the organisms 
are distributed by agitation, the liquid being then 
poured out on toa cold glass plate placed in a per- 
fectly horizontal position, and on which it almost in- 
stantaneously sets to a transparent gelatinous film 


The plate is placed under a glass dish so as to pro- 
tect it from dust, and is kept ata temperature of about 
20-25° C. At this temperature most micro-organisms 
multiply witha rapidity which even surpasses the im- 
agination of Malthus, and each organism imprisoned in 
gelatine-medium accordingly produces in the course of 
a few days acolony, the population of which is to be 
numbered by millions, and the magnitude of which js 
sufficiently great to render it visible to the naked eye 
or with the assistance of a low magnifying power. 
Thus the number of colonies arising from the multipli- 
cation of these isolated individuals indicates the num- 
ber of organisms introduced, whilst from the nature 
of the colonies formed the kinds of organisms of which 
the original importation consisted may be ascertained. 


The principal benefits which at present are to be ob- 
tained from the examination of water by means of this 
process are not so much in connection with the dis- 
covery of organisms which are actually dangerous to 
health, as in gaining information as to what the 
fate of such organisms will be under various condi- 
tions when they are discharged into water. The 
discovery of injurious or “pathogenic” organisms in 
water is attended with great difficulties, since it much 
resembles the search for apin in a hay-stack, the 
disease-organisms being lost sight of amid the im- 
mense numbers of harmless organisms which will al- 
most infallibly be present in any water which contains 
disease-germs. It may be mentioned, however, that 
such pathogenic organisms have already in one or two 
cases been actually discovered in water. 


Far more instructive, however, is thestudy, by means 
of this method, of the various processes of purifica- 
tion, both natural and artificial, to which water is from 
time to time subjected. It is obvious that it is only by 
means of a study ofthis kind that we can form any 
satisfactory opinion concerning the value of such 
processes as filtration, precipitation, and the like. 
Hitherto it had always. been supposed that only those 
processes of purification which remove a large propor- 
tion of the organic matter in water could be expected 
to make any impression on the organized matters 
present, and that processes which produced little or no 
effect on the organic substances detectable by chemical 
analysis, could a fortiori, not touch the more subtle or- 
ganized bodies. 

THE GELATINE PROCESS. 

Recent investigations carried out by the aid of the 
gelatine process, however, have brought to light the 
remarkable fact that these micro-organisms are by no 
means so unimpressionable as had previously been 
imagined. It has been discovered that filtration 
through many substances in a fine enough state of di- 
vision, and in a stratum, of sufficient thickness, re- 
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moves them in very large numbers, and further, that 
many of these substances, which thus act as perfect 
filters, from a biological point of view. are practically 
inert as regards chemical activity. Thus coke, vege- 
table charcoal, and unglazed porcelain, have been 
found to be remarkably efficient in removing micro- 
organisms, whilst their chemical action upon the sub- 
stances dissolved in the water is practically nil, On 
the other band, substances like animal charcoal, and 
spongy iron, which are well known to possess great 
chemical activity in removing organic matter, were 
also found, when suitably applied, to be capable of re- 
moving micro-organisms. 


Another highly important result which has been ob- 
tained from these investigations is, that although 
many filters may be highly efficient when first put in 
operation, they rapidly lose their power of removing 
micro-organisms, and the water may then actually 
leave the filter more highly charged with micro-organ- 
isms than when it entered. The necessity of continu- 
ally watching over the efficiency of filters which are in- 
tended to purify a water-supply is sufficiently obvious, 
and itis only since the introduction of this beautiful 
process that such a surveilance has been rendered 
possible. 


Agitation with Solid Particles.—It is not only, however, 
by filtration that these micro-organisms can be largely 
removed from water, but even by mere agitation of the 
water with finely divided solid particles, and in the 
subsequent subsidence of the latter, often a very re- 
markable removal of micro-organisms may be effected 
Again in this case the removal takes place quite irre- 
spectively of any chemical activity exerted by the sub- 
stances—coke, and other varieties of charcoal being 
again in the front rank of efficiency in this respect. . 


Precipitation.—Another method of bringing water into 
intimate contact with finely divided particles is not to 
add these particles to the water direct, but to generate 
them inthe water itself in the form of a precipitate. 
The well-known Clark’s Process of softening water is 
a case in point; as in the formation and subsidence of 
the precipitate, a most remarkable reduction in the 
micro-organisms suspended in the water is found to 
take place. 

For upwards of a year past periodical monthly ex- 
aminations have been made by the peptone-gelatine 
process of the various waters supplied to the metroy- 
olis. The results of these examinations are contained 
in thediagram. These examinations are of peculiar 
interest when they are studied side by side with the 
results of similar examinations made of the river 
waters from which the Metropolitan supply is mainly 
derived. 

A glance at the results of these observations dis- 
tinctly shows the striking improvement, as regards the 
number of micro-organisms, which the river waters 
undergo in passing through the Metropolitan Water 
Compznies’ works. 

During the last six months the average reduction in 
the number of micro-organisms effected by the treat- 
ment of the Water Companies was ;— 
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From the necessarily brief account which has been 
given of these investigations on the purification of 
water from a biological point of view, we think you 
will, nevertheless, realize what an entirely new and im- 
portant field they have opened out in connection with 
the subject of water supply. 

In conclusion, we would again emphasize that the 
subject of water supply must be regarded from the En- 
gineering, the Chemical, and the Biological points of 
view. 

Of these the first or engineering point of view is by 
far the most ancient, the aqueducts of Rome and the 
deep wells of China, constructed before the commence- 
ment of the Christian era, being in their way as re- 
markable as anything that the latter decades of the 19th 
century have to give to posterity. 

The chemical side of water supply is essentially a 
product of the middle and latter half of this century, 
and until the biological side became a tangible subject 
at all, now some three years ago, it formed the only 
scientific basis of our subject. We believe that the 
biological side has a great future before it, and al- 
though still in ite infancy, it has already greatly modi- 
fied many opinions that had hitherto been long enter- 
tained with regard to the subject of water supply. 

Finally, we may state that whilst the ills which water 
is heir to are legion, the sources of contamination 
being, as we have seen, exceedingly numerous, and 
some of them attended with great danger to health, we 
must heartily congratulate the inhabitants of Chatham 
on their possession of one of the finest drinking wa- 
ters in the United Kingdom. 

Nors.--These lectures were Ghustrates by numerous 

° 


diagrams, ¢ ments, and demo: ns, (which 
cannot of course reproduced in a printed report.) 
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entrance to tne Baltimore and Uhio R. R. to 
New York Harbor by way of Staten Island has 
passed both houses of Congress and now only 
awaits the signature of the President. 


Dr. Dominco Frere, of Rio de Janeiro, who 
is the originator of inoculation for yellow 
fever, claims that he has performed over 7,000 
inoculations with almost absolute immunity 
from subsequent diseases, as notwithstand- 
ing the intensity of the epidemic, but seven 
or eight of those inoculated died from disease 
diagnosed as yellow fever, while there were 
over 3,000 deaths among those who were not 
inoculated. 

As we will probably do an increasing pro- 
portion of the engineering in yellow fever 
countries, Dr. Freire’s discovery will doubt- 
less save much nervousness on the part of 
those who are called to work in the Spanish 
American countries. 


M. pe Lesseps has asked the French Aca- 
demy of Science to appoint a committee to 
report on the alleged difference of level in the 
water on the two sides of the Isthmus of 
Panama! 

We have known of railroads that have been 
built without a competent location, and this 
looks as if no lines of level had been run for 
the canal. 

The necessity for these levels seems great, 
for de Lesseps says “charges that the differ- 
encein levels between the Mediterranean and 
Red Sea would be troublesome, having proved 
unfounded, if the present objection was also 
disposed of no locks would be necessary in 
the Panama canal.” 

On a suggestion that the tides might be 
higher on one side of the isthmus than on the 
other, the question was referred to the sec- 
tions on navigation and astronomy. 


ENGINEERING NEWS AND 


Highway Engineering. 


We recently made mention of the fact that 
aconvention of highway commissioners was 
called to meet at Springfield, Ills., under the 
auspices of the State Board of Agriculture. 
The convention was largely attended, there 
being about four hundred farmers present. 
There were a number of papers read which 
contained sound and sensible advice concern- 
ing the improvement of the highways. It was 
generally recognized that road improvement 
is one of the greatest problems before the 
people of the state. One who has always lived 
in the east can have no idea of the condition 
of the roads in the prairie states during a con- 
siderable portion of the year. The soil is re- 
markable for its productiveness, but when 
mixed with even a small proportion of water, 
it makes an equally undesirable material for 
the surface of a wagon road; it would bs: diffi- 
cult to imagine a worse. Probably no state in 
the country has roads that are in a worse con- 
dition for six months of the year than Illinois. 
As is very natural in a new country, Illinois 
has given very little attention to the improve- 
ment of highways. Except in a few localities, 
the only improvement(?) consists in making 
an embankment across the low places, the 
earth being taken from borrow pits on either 
side which are undrained and of course re- 
main full of water during a large part of the 
year. 

The roads in each township are under the 
general direction of three men, knownashigh- 
way commissioners, who are elected by popu- 
lar vote. Their tenure of office is always 
short, and anything like a systematic scheme 
of road improvement is unknown. Notwith- 
standing the poor condition of the roads, a 
large sum of money anda larger equivalent in 
labor is annually expended in keeping them 
in repairs. The annual road tax is often1 to 
2 per cent. of the assessed valuation and usu- 
ally three days labor for each adult male. The 
expenditure is sufficient, if properly applied, 
to bring the roadstoa fairly good _ condition, 
but under the present system, or rather lack 
of system, the roads are benefitted but little 
and often actually damaged by the work put 
upon them. The greatest drawback toward 
the improvement of the highways has been 
the indifference of the very class of men to be 
benefitted, more than any other, by such im- 
provements. ‘I'he farmers of Illinois are be- 
ginning torealize that good roads are essen- 
tial not only to the economical transportation 
of product,but also to the developement of the 
community in all respects. The large atten- 
dance at the late convention is a very hopeful 
sign. But there is another ray of promise, and 
one which is of more interest to the engineer. 

Col. C. F. Mills, the Secretary of the State 
Board of Agriculture, read a paper entitled 
‘Road Legislation,’’ in which he earnestly 
and ably advocated the employment of a com- 
petent engineer who should have supervision 
of the highways in his county or township. 
Although this proposition met some opposi- 
tion from the highway commissioners, who 
thought the new officer would throw them out 
of a comparatively lucrative position or make 
their own office a subordinate one, yet it 
seems to have received the hearty approval of 
the more intelligent and progressive members 
of the convention, and is receiving the support 
of the press of the State. The outlook for the 
measure is promi:ing, although no sudden or 
radical change can be hoped for. As the im- 
portance of the measure becomes understoed, 
and the value of good roads is better appre- 
ciated, the wisdom of employing an engineer 
for superintendent of highways will be ad- 
mitted. It is the most feasible solution of 
the problem how to obtain better common 


roads. Itis no untried experiment ; it is only 
applying to the highways the methods that 
are recognized as essential to the care of a rai|- 
road. Good highways are as essential to the 
publie good as good railways. In many locali- 
ties the nature of the soil and the absence of 
suitable material with which to construct per- 
manent roads, the maintenance of highways 
in even comparatively good condition js a 
problem equally as difficult and fully as im. 
portant as the maintenance of the roadbed of 
a railroad. As the agricultural communities 
advance in wealth and enterprise, as they 
surely will, and that too more rapidly in the 
future than in the past, this will be appreciated 
more and more. 

An engineer as superintendent of highways 
would naturally advise with township or 
county officials concerning the erection of 
bridges, construction of gravel roads, etc., 
and prepare specifications, examine tke bids 
submitted, and inspect the work during con- 
struction. Ifa sufficient salary is paid to se- 
cure the necessary qualifications for the posi- 
tion, and insure his constant services, it will 
not be long before those using the highways 
will conclude that the Superintendent of 
Roads. is the most important and useful offi- 
cial in the county. 

We would respectfully call the attention of 
our readers to this new engineering field. It 
may not seem as glorious as building trans- 
continental railroads, or as lucrative as work- 
ing on isthmian canals, but it is as honorable, 
requires as much talent as most of the posi- 
tions on larger enterprises, and will in the 
long run prove as remunerative. We would 
also suggest that until the time arrives when 
an engineer shall be employed to direct road 
improvements, he can find professional em- 
ployment in agricultural communities in gen- 
eral engineering practice. We know ofa few 
competent young men who started out in this 
line only a few years ago in unpromising com- 
munities, who,without official position already 
have a lucrative practice. There is no reason 
why many others should not do likewise. 

ee 


Mr, Dorsey’s Paper. 


Most of our esteemed contemporaries who 
apparently draw their views of the com- 
parative economies of American and English 
railroads from the classic pages of Colburn 
and Holley have had their thoroughly 
grounded views so rudely assailed by Mr. 
Dorsey's conclusions, as to the greater cheap- 
ness and efficiency of American locomotives, 
the superiority of American railroad manage- 
ment, and the comparatively low charges for 
freights in America; lower in general both by 
railroad and water in the United States than 
anywhere else, and higherin general in Eng- 
land than elsewhere, it may be said, that 
they have allowed this valuable contribution, 
to our knowledge, to go entirely unnoticed, so 
that few American engineers, not readers of 
ENGINEERING NEws or members of the Ameri- 
can Society of Civil Engineers, know of its ex- 
istence, unless they have seen notices of it in 
the pages of Engineering. 

In England, on the contrary, the paper is 
exciting a great deal of interest; its publica- 
tion in book form is near at hand, being prom- 
ised for the 15th inst. But, in spite of this 
announcement, requests for gopies are being 
received by secretary Bogart.” Among others. 
the Duke of Sunderland, who is one of the 
principal owners of the London and North 
Western system, lately sent over a request 
for twelve copies, and now a letter comes from 
the ‘‘ India Office.”’ saying ‘‘ i am directed by 
the Secretary of Stale for India in council, to 
inform-you that the consulting engineer for 
Indian State Railways has drawn attention 








toa paper on “* English and American Rail- 
ways Compared ’’ by Mr. Edward Bates Dorsey 
** * which in that officer’s opinion contains 
information that would be very useful both in 
this office and in India,’ concluding with a 
request for twenty copies. This looks as if in 
spite of ourselves the foreign market for Amer- 
ican locomotives would receive a “ bull ”’ im- 
petus increasing our sales from about $3,000,- 
000, which is the largest value exported, to 
possibly two or three times that sum. 

Nor will the general reading of the paper 
injure the chances for employment in foreign 
countries by our engine and railroad men 
generally. 
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Concerning Conventions. 





SPECIALLY ADDRESSED TO WATER- WORKS MANAGERS, 

It will be useless here to attempt to detail 
the duties of the Water-works Manager. The 
Scriptures have marked them out in these 
words, ‘‘ Whatsoever thy hand findeth to do, do 
it with thy might.”” While this precept applies 
to every walk in life it becomes the sum of all 
laws tothe Superintendent of Water-works, 
and applies with particular force to those in 
charge of the medium or smaller works, where 
one man is required to fill the dual role of 
Engineer and Superintendent, and as is many 
times the case, particularly when the owner- 
ship is vested in a private corporation, the ad- 
ditional duty of the financial management is 
added, the duties are summed up in the clause, 
“ WHATSOEVER THY HAND FINDETH TO DO,”’ 

The Manager is expected to be all things, 
and to do all things; he must be a Civil, Hy- 
draulicand Mechanical Engineer; a man of 
ability and ready tact, quick to meet any 
emergency ; he must be able to treat with all 
classes, and give offense to none; to consider 
the wants and necessities of each and every 
consumer, as well as protect the interest he 
represents; he must be every inch aman, yet 
keep on the good side of the City Council; all 
this and more is he required to be, and to do, 
to earn his salary. 

But how and where is this knowledge to be 
obtained? It is not found inthe curriculum 
of our colleges; the groundwork of the tech- 
nical part of it, the theory, is there laid and 
the school stops; the balance must be ac- 
quired by practice directly of his own, in- 
directly, by observation and knowledge of 
the practice of others filling like positions, 
particularly this latter, since the days of ‘‘one 
idea’? men are past. The owners, be it private 
or municipal, require that their particular 
works shall be managed as economically as, 
and shall show equal results with, the best 
works in the country regardless of existing 
conditions. Yet, does the ownership perform 
its duty or its part to attain these? do they 
furnish to their manager facilities for learn- 
ing what others are doing? We propound 
these questions directly to the Board of Com- 
missioners or Directors. Do you suppose for 
an instant that you can place a man in charge 
of your works and permit him thus to remain 
year after year, rendering you twenty-four 
hours’ service every day, giving him no facil- 
ities for learning what his neighbors are do- 
ing, or how they are doing it and expect him 
to keep out of wornruts? As well expect a 
lawyer with but a single client; a preacher 
with a single text; or a doctor with a single 
case, even though they spend a life-time in 
practice on them, to become perfect in their 
professions. 

If you desire to keep up with the profession, 
give your manager every facility for increas- 
ing his knowledge, see that he has the peri- 
odicals devoted to the profession, and that he 
has once a year, at least, an opportunity to 
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meet and compare notes with those engaged 
in like work. Nothing so brightens a man as 
personal intercourse with kindred minds, and 
the material exchange of experiences and dif- 
ficulties, the manner of meeting and overcom- 
ingthem. Tothis énd have been furmed the 
various societies and associations. 

During the present month the two foremost 
associations in this country hold their annual 
meetings in Denver, Colorado. The Ameri- 
ean Water-Works Association opens on the 
23rd of June, and the week following the 
American Society of Civil Engineers. Here 
then is a most favorable opportunity to gain 
practical knowledge from the experience of 
others; for both these associations, being 
composed of practical men, confine them- 
selves to practical matters. Suppose the ex- 
pense of sending your manager or superin- 
tendent be fifty or even one hundred dollars, 
it will be amply repaid you. Whatever know- 
ledge he may obtain will be applied t» your 
interests; he cannot keep it to himself, but 
must apply it to his work. 

It is his knowledge and the proper applica- 
tion of it, that you employ and pay for, and 
whatever gain in it you may assist him to, will 
pass to the credit side of your accounts. 

Chief Engineer, Superintendent, or Mana- 
ger, it becomes your duty to present this mat- 
ter in its proper light to your board and to ask 
that these facilities be extended to you. 


a em 


PERSONAL 
LIEUTENANT S. W. Roessier, Corps of Engi- 
neers, was married June 2, to Miss Susan B, Kellogg. 
at the residence of the bride’s father. 


Captain Wituiam L. MarsHat, Corps of En- 
gineers, was married at Edgewood, Ga.. June 2, to Miss 
Lizzie Hill Colquitt, daughter of Senator Alfred H. Col- 
quitt. 


Ex-Mayor Boaur, of Cohoes, N. Y., died re- 
eently. He was a noted railroad builder 30 years ago, 
and built the bridge across the Mohawk to Waterford 
in 1854, 


GEORGE BLaTCHFORD, of Pittsfleld, Mass, was 
married June 3d, to Miss Mary Eva Marttn, Brooklyn, 
daughter of C. C. Martin, C. E., Chief Engineer and 
Superintendent of the East River Bridge. 


THomas Swinyarp, President ot the Do- 
minion Telegraph Company,and Assistant President 
of the New York, Ontario and Western Railroad, was 
married on June 5, in Gilbertsville, to Mrs. J. Arm- 
strong Murray. 


GENERAL Q. A. Grt~morg, U. 8. A.,in a letter 
to the New York Tribune. replies to some eriticisms on 
the Charleston harbor improvements made by Prof, L. 
M. Haupt, in a paper entitled “Harbor Studies,” read 
before the Engineer’s Club of Philadelphia, on January 
16, last. 


AN essay on “‘A Mechanica! Method of Ac- 
counts” will be read by Capt. Henry Metealfe, Ord- 
nance Department, U. 8. A. (author of “Tne Cost of 
Manufacture”), on the evening of June 15, at the rooms 
of the Institute of Accountants and Bookkeepers, in 
the University Building, Nsw York. 


Mayor Tuomas A Doyte, of Providence, R. 
IL., died June 9, from the effects of a paralytic shock 
received last Saturday. Fifteen strokes of the fire 
alarm bells announced his death to an expectant public. 
Mayor Doyle had served the city in that capacity for 
eighteen years and seven ‘months, and was identified 
with all the improvements of the city for the pnst forty 
years. 
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G. A. Nicolls. 





Gustavus AntTHONY Nicos, a Civil Engi- 
neer, President of the lateral railroads of the 
Philadelphia & Reading R. R. Co., died May 
18, 1886, of paralysis, at his residence in 
Reading, Pa. He was descended from the an- 
cestors of Sir Jasper Nicolls, late Governor 
General of India, dating back to 1580, and was 
born April 3, 1817, at Abbey View, Thomas- 
town, County Kilkenny, Ireland. His father 
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was Col. Wm. Darm Nicolls, of the English 
Royal Artillery. His mother was Maria 
Graves, daughter of Anthony Graves, a 
land proprietor in the County of Killkenny. 
He was educated for the military  pro- 
fession, but decided to seek his fortune in the 
United States, for which country he sailed 
from England in Oct. 1834. He came to Phil- 
adelphia, to his uncle, Bartholomew Graves, 
at the age of 17. In April, 1335, as a rodman, 
he entered the engineer corps of Moncure 
Robinson, the first Chief Engineer of the 
Philadelphia & Reading R. R., now a resident 
of Philadelphia, and from that time till his 
death he remained with the company in various 
capacities. In 1836 he became Assistant Engi- 
neer. In 1837 he was made Principal Assis- 
tant Engineer. In 1838 he was made Superin- 
tendent of Transportation, and retained that 
position until 1846, when he was appointed 
Chief Engineer and General Superintendent, 
which positions he filled for thirteen years. 
In 1859 the offices were separated and Mr. 
Nicolls chose the General Superintendency, 
filling that office for thirteen years. In 1871 
he was made General Superintendent and 
President’s Assistant by F. B. Gowen, then 
President. From 1871 to 1877 he lived in| Phil- 
adelphia. In 1873 he was elected second Vice 
President and re-elected in 1874-5-6. In 1877 
he was elected President of the lateral roads, 
and in 1876 was made President of the Susque- 
hanna and tide-water canal, retaining the po- 
sition until his death. In the discharge of the 
duties of all these important positions Mr. 
Nicolls was ever prompt, active and energetic. 
During his term of service, under ten presi- 
dents of the company,covering tifty-one years, 
he saw his company grow with the country 
from the time when it ran but one daily pas- 
senger train to Philadelphia, until the present 
day, when it runs ten or twelve each way daily, 
has an income of many millions, and is the 
greatest coal-carrying road in the world. Mr. 
Nicolls took an active part in many of the in- 
dustrial enterprises and charitable institu- 
tions of Reading. 

During the iate war he took an active part 
in the support of the Government, and liber- 
ally gave to it his money, influence and labor. 
He had traveled considerably in this country 
and made several tripsto Europe. Mr. Nicolls 
married, in 1846, Rosa Catharine Muhlenberg, 
only daughter of the late Hon. Henry A. 
Muhlenberg, member of Congress, and Minis- 
ter to Austria. She died in 1867. In 1869 he 
married Annie Hall Muhlenberg, daughter of 
the late Dr. F. A. Muhlenberg, who, with one 
son, Frederick Wm. Nicolls, survives him. 

The motto of the Nicolls family, Fide et In- 
dustria (by honor and industry), has been well 
illustrated during his life. His funeral took 
place May 22d at Reading, and was largely at- 
tended by all classes of citizens, by four chief 
engineers, two of whom are still in the service 
of the company, and by the leading officials, 
officers and employés of the Reading Railroad. 

R. B. O. 

PHILADELPHIA, June 7, 1886. 

SO LL — = 

Paper Pires.—In Vienna, there were re- 
cently exhibited gas and water service pipes 
made of paper. They are made as follows: 
Strips of paper are taken, the width of which 
equals the length of one pipe section. The 
paper is drawn through melted asphalt, and 
wound upon a mandrel that determines the 
inner diameter of the pipe. When the pipe 
tnus made has cooled, it is pulled off the man- 
drel, and the inside is covered with an enamel, 
the composition of which is a secret. The out- 
side is painted with asphalt varnish, and 
dusted over with sand. Itis stated that such 
a pipe about half an inch thick will resist 
some 2,000 pounds internal pressure. 








CORRESPONDENCE. 





Waterway Improvements, 





Ba.tTimore, Md., May 28, 1886. 


Proprietors of the Sun, Baltimore, Md. 


It is scarcely to be supposed that the improvement of 
rivers and harbors is to be suspended in this great 
country because some persons uninformed or subjected 
to peculiar influencesare raising the cry of a “steal.” 
Ridicule is a povent instrument, but it is not argument 
and it is not logic. The same might be said of the 
brow-beating method of some. To all such the reply 
of the philosopher is sufficient—"‘ Strike, but hear.” 

I assume that alarge majority of American citizens 
will agree that rivers and harbors sh uld be improved 
but it is certain there will be great want of unanimity 
among them as to the agencies to be employed and the 
number of loealities to be the scenes of their activity. 

The agents which might divide this work seem to be 
the general government, the State government, cities 
and corporations, or individuals acting under sharters 
from States or the United States. 

Those who advocate the idea that this work should 
be done wholly by the general government have broad 
and substantial grounds on which to stand, 

The Supreme Court of the United States has decided 
that navigable waters of the United Statcs are not 
only those which are navigable, but those which 
may be made so bythe engineer. In this view, even a 
canal made where there is not adrop of water along its 
line may be excavated by the United States if it connec! 
navigable waters or those capable of being made so. 

As an illustration, take the Choptank or any route for 
the Chesapeake and Delaware ship-canal, which Balti- 
more and all the great interests dependent on her so 
much need. This is a work of national importance, 
because in the first place it provides an interior line of 
communication which would be of the highest value if 
our coast were assailed by a hostile fleet. It is also a 
work of uationa) importance because so large an area 
of our country, of which Baltimore is the port, is di- 
rectly interested inits construction. This route, or any 
route connecting these two great bays, requires the im- 
provementof small streams of the peninsula between 
them, and requires the excavation of a canal through 
the ridge which separates the watersheds of the two 
bays, This case is cited to show that a very insignifi- 
cant stream should not be excluded from improvement 
by the United States because of its apparent local insig- 
nificance, inasmuch as it may be a link in a chain of 
real national importance. 

Some persons seem to think that a peculiar name 
comparatively unknown, such as Choptank or Wi- 
comico, should be a bar to the improvement of a stream 
bearing it. For instance, in a recent public address a 
man of ability and honesty, while freely granting the 
importance of the improvement of the harbor of Balti- 
more by the United States, ridiculed the idea of doing 
anything or the Choptank. I think what has been al- 
ready said will show that his statement is worthless as 
regards that stream, and only proves his own ig- 
norance. 

The Wicomico was more than once the object of the 
keen ridicule of the witty Cox, who now doubtless 
amuses the Grand Turk with his nonsense, as he for- 
merly did some others nearly as ignorant of the geo- 
graphy of the United States. This river has the town 
of Salisbury at its head. Some years ago no steamboat, 
and in fact no boat of any size, could reach the town, 
inasmnch as there was a shoal below it on which at low 
tide there were only about 12 inches of water. Now 
there are 7 feet, and at high tide 3feet more. What is 
the effect of this improvement, which has cost about 
$30,000? It is to cheapen freights and bring to Balti- 
more by a free and natural higt way much trade which 
formerly went elsewhere by an artificial one. Salis- 
bury and the country immediately tributary to it have 
been also greatly benefited. What benefits Baltimore, 
a great national seaport, is a thing of national interest. 

The method of the improvement of the Wicomico is 
precisely the same as that employed on the Clyde in 
Scotland, on which millions have been expended to 
give sufficient depth of water for the largest ships, and 
to this end the dredges bave dug through shoals where 
formerly the depth of water was measured by the inch. 
In all such cases, where there is an unlimited reservoir 
of water to be drawn upon, like Chesapeake bay and 
the ocean, the depth of which can be had is limited only 
by the amount of money available. 

Many persons suppose that the Clyde ix a grand, 
broad river. This isagreat mistake. The Wicomico 
compares favorably with the Clyde as to width, and can 
be made as deep for a tithe of the money. Some 
people will say Glasgow on the Clyde isa great city, 
and Salisbury on the Wicomico is insignificant. When 
Glasgow was as young as Salisbury she was quite as 
insignificant. The greatness of Glasgow has grown 
with the improvement of the Clyde, and so might Salis- 
bury grow with the Wicomico. 
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Ridicule has been cast upon the improvement of 
Corsica creek by some who never saw it and do not 
know that this creex, which might be properly called 
ariver, is actually as large as many rivers in Great 
Britain and on the continent of Europe, where millions 
have been expended for their improvement, and with 
the most valuable results. %, 

Nobody doubts, I suppose, the propriety of the im- 
provement by the United States of agreat river like 
the Mississippi or the Columbia, but these streams are 
not great throughout their whole lengths. They be- 
come smaller towards their heads. Where will the 
line be drawn where the general government shall 
cease its work of improvement, and who will then con- 
tinue it? If difficulty be found in drawing such an 
artificial line, will you reject as a proper subject for im- 
provement by the United States a river that is com- 
paratively small but larger than the upper part of the 
Mississippi or the Columbia, an 1 which, with its con- 
nections, the ocean, has a common interstate and 
European outlet? 

Some object to the improvement by the United States 
of rivers lying wholly in one State. The fallacy of this 
objection is illustrated by the statements in the pre- 
vious lettur coneerning the Great Kanawha in West 
Virginia. which conclusively showed this improvement 
to be a work of national importance. 

In truth, an annual river and harbor bill of fifteen 
or twenty millions of dollars is not unreasonably large 
for such a country as ours, consicering its immense 
extent, its rapid development and other circumstances. 
Though such a sum looked at by itself without regard 
to its object seems a large one, it is actually small in 
view of real needs; and appears almost insignificant in 
comparison with those of other nations of less extent 
and population, much of whose wealth and power come 
from the effects of just such works of internal and 
coast improvement as such expenditures have al- 
lowed. 

Wm. P. CRAIGHILL. 





The Proposed Chesapeake and Delaware Ship Canal, 
Col. Craighill maintains, is a work that possesses a 
double title to a placein a properly constructed river 
and harbor bill. Itis not only a prolongation in the 
interest of a large existing commerce and a larger 
prospective commerce of the navigable waters of the 
Choptank, but is also a much needed interior line of 
communication that would be invaluable in time of war 
with amaritime power as a means of facilitating the 
defense of Washington, Annapolis, Baltimore, Wil- 
mington and Philadelphia. It would multiply by two 
the effectiveness of a squadron charged with the pro- 
tection of these cities.—Baltimore Sun. 
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A National Board of Public Works,’ 





We, the undersigned, desire to present the following 
report as our views upon the question submitted for 
our consideration, viz.: The appointment of a Board 
of Public Works by the Government, and together with 
the same is respectfully submitted the dissenting report 
of Capt. A. H. Payson. 

LUTHER WAGONER, 
MaRsDEN MANSON. 
REPORT. 

At the meeting of the Technical Society of April 2d, 
Mr. Wm. Blunt, ex-Seeretary of the Executive Board of 
the “Temporary Civil Engineers’ Committee on Na- 
tional Works,” addressed the Technical Society. and 
explained the object of said committee in advocating a 
course of general action being taken by the enginver- 
ing profession to effect a change in the present system 
of public works, 

Our committee was appointed on a motion made to 
consider the desirability of our Society taking some 
action towards identifying itself with the movement 
advocated by the Engineers’ Committee, at that time 
in session at Cleveland, Ohio. 

We preface this statement to our report as warrant- 
ing in our minds our treating the question submitted 
to our investigation in its widest sense—less as ap- 
plying to the consideration of what specific measures 
suggest themselves at present for attaining a desired 
end, but rather as to whether in our opinion it be de- 
sirable for the Technical Society to take part in an 
already existing movement seeking to bring about an 
amelioration in the policy of our Government as re- 
gards its internal improvements. 

As the minority report of Capt. Payson presents 
most explicitly and ably a statement of many objections 
to our present system of conducting public works by 
annual appropriations made by Congress, in which we 
entirely concur, we beg to present his report, to which 
we will append our grounds for exception. 

REPORT OF CAPT. A. H. PAYSON. 


It ishardly possible to imagine a system of appro- 
priation to public works more fatal than the present 





*Report of the Committee of the Technical Society of 
the Pacific Coast. 


one to their efficient conduct, and more productive of 
disaster and extravagance. 

By this system, engineering considerations are ep- 
tirely disregarded. 

Appropriations are made by the contending influence 
of private interest, and in amounts which have no re. 
lation to the importance or cost of proposed works, but 
result simply from mutual concessions among these 
interests, to the end that the total of an appropria- 
tion bill may not become insupportable. 

Appropriations for new work are made in spite of ad- 
verse recommendation from the Chief of Engineers ang 
his subordinates; and works begun are in subsequent 
years left wholly unprovided for or starved by insufi- 
cicnt grants of money. 

It results that exact preliminary estimates are im- 
possible, and that. with one exception, there has not 
been an important river and harbor work undertaken 
in this country during the last twenty years which has 
not been made extravagant in cost or jeopardized in 
success by the financial uncertainties of the preseut ir- 
rational and improper system. 

The one exception is the case of the Eads’ jetties, at 
the mouth of the Mississippi, and for these Congress 
made a radical departure from its usual course, and in 
one act made provision for the entire work. 

A reform in the legislative part of a system of public 
works could take two directions: 1st—The creation of 
an officer who would probably change with the party in 
power, like the French Minister of Public Works, with 
atrained permanent engineering staff under him: 
who would submit his estimates to Congress to be 
passed, rejected or reduced in the total by that body, 
without power to modify details. 2d—A law, which 
could probably only be effective as an amendment to 
the Constitution, providing that no public work should 
be undertaken until a reliable estimate of its total cost 
was had, and an appropriation made of the full amount 
of this estimate, with specific provision for the neces- 
sary funds out of some part of the public revenue, or 
by new taxation, should the condition of the treasury 
make this necessary. 

The first plan leads directly to Cabinet responsibility 
and participation in the debates of Congress, involving 
such radical change in our legislative system and dis- 
playing features so foreign to our methois, that its 
adoption may now be left out of the question. 

The second plan has a precedent in the action of 
Congress on the Eads’ bill, and seems to furnish all 
necessary safeguards, both for the control of work by 
the legislative body, and that the engineering shall not 
be hampered for lack of money at propertimes. Ex- 
perience with the pension bills plainly shows that a 
definite provision for the expense of any measure 
should be an essential feature of the act authorizing its 
commencement, 

The great and crying evil of our present system lies 
in the legislative part of it; and the question arises 
whether the proposed transfer of control to a Board of 
Public Works would effect improvements in this re- 
spect. There seems no reason for such a hope. The 
motives which underlie the present system and result 
inthe present abuses are so powerful that it is likely 
the River and Harbor Bill itself will fail to pass with- 
out their support. 

It is hardly to be believed that Congress will yield that 
control over details which now makes the passage of 
the bill possible, to any official or body of officials, no 
matter how high their professional standing, private 
character or personal influence. 

The case of the Light House Board has been urged 
by one of the chief organizers of the movement our s0- 
ciety is asked to support, as that of a body in contrast 
with the Engineer Bureau in organization, and whose 
recommendations are usually followed by Congress. 
The difference in organization is not essential, as in 
one case we havea Board with preponderating military 
and naval membership, acting on advice of subordinates 
exclusively naval and military; and in the other a 
military chief, acting upon reports and recommenda- 
tions of military subordinates. 

Though aids to navigation, when authorized, are 
usually put where recommended by the Board, the ad- 
vice and opinions of that body are, as a matter of fac‘, 
as flagrantly disregarded by Congress in engineering 
matters, as those of the Chief of Engineers in the River 
and Harbor Bill. 


The establishment of lights may be recommended 
over and over by the Light House Board as urgently 
necessary, without effecting an appropriation. Work 
begun at agreat expense has often to be abandoned 
for years from failure of subsequent grants, and there 
are cases where estimates submitted by the Board have 
been actually increased in Congress. 


There seems ro present ground for hope of remedy 
for these legislative abuses in any mere change of per- 
sonnel in the administration, and that remedy will only 
come, in my opinion, after the evils of the present sys- 
tem have become so grave'and plain to the public mind 
as to force the abandonment of the present indiscrim- 
inate efforts at river and harbor improvement by the 
general Government. 
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When that has been brought about, we hope to see 
established some rational and settled policy of appro- 
priations, and the limitations of disbursements from 
the National Treasury to works which are, beyond all 
question, of national importance. 


Assuming that Congress will adhere to its present 
faulty method of appropriation, we are led to the ques- 
tion whether it is desirable, under these methods, to 
seek a change in the administration. In considering 
this, we must not contrast the existing personnel and 
organization with an ideal creation, but should inquire 
what change m‘ght, in all human probability, be ex- 
pected from legislation in the present temper ot Con- 
gress and state of the public mind on Civil Service. To 
be practical, we must ask, not whether improvement is 
possible, but whether we are likelr to get it from the 
influences and with the machinery which will seek and 
effect tho change. 


The control of River and Harbor work fell into the 
hands of the Corps of Engineers accidentally, but nat- 
urally, atthe close of the civil war, and has never since, 
I believe, received the formal sanction of a law. The 
system was created by and continued in expediency, 
and that it has endured so long is some testimony to 
its merit. In the officers of the corps, the Government 
had the service of men for whom, as a body, it could be 
claimed that by education and intelligence, they were 
well fitted to undertake the siudy of subjects of which, 
in this country, there was at that time practically no 
experience: while their life tenure of office gave guar- 
antee, which can be had in no other way, for an honest 
disbursement of money. The policy of the Govern- 
ment was not fixed as to internal improvements, nor 
has it since become so, and can be abandoned or re- 
versed, as it has already been abandoned and reversed, 
at any time by the action of Congress, 

Under these circumstances, the selection of the Corps 
of Eugineers for the duties imp >sed by the River and 
Harbor Bill was a natural one, and ha: precedent in 
the administration of Public Works in both England 
and France. The officers of the Royal Engineers have 
always been used for civil work in England and India, 
tothe extent to which they cou d be spared from their 
military duties; and the highest graduates of the 
French Military School, the “Polytechnique”, elect, by 
graduating rank, to enter various branches of the 
civil engineering service, Rhetoric has been used to 
show that military habits of thought and action are in 
essence distinct from civil, and that they disqualify 
their possessor for the judicious conduct of civil engi- 
neering work, orbusiness relations with the world at 
large. 

The man who plans and orders without hearing or 
weighing, as Mr. Powell, of the Geological Survey, has 
alleged, is the military babit, would be probably unsuc- 
ce<sful in either military or civil life: but granting the 
objection tomilitary training and association to have 
weight, it can be shown that this objection has buta 
limited application to the Corps of Engineersas it now 
stands. Of its officers, all but the eighteen now high- 
est in rank, have graduated during and since the war. 
Fortification work, which in its methods differs not at 
allfrom civil constructions, has been suspended since 
1876 and for more than twenty years the officers of the 
corps have found their most important work in, and 
directed most of their thoughts and time to the sub- 
ject of River and Harbor improvements. 

Whutever criticisms may be made as tothe success or 
ability of these efforts, it can hardly be urged against a 
great majority of the Corps that their training and as- 
sociations have been so exclusively military as to un- 
fit them for civil life. All the experience of River and 
and Harbor improvements, which we now have in this 
country, isin the Corps of Engineers and the civil as- 
sistants who have been associated with it. Largesums 
of money have been disbursed without scandal, while 
the personal independence which can only come from 
alife tenure, has, against strong pressure, successfully 
resisted that political interference with the working 
forve, which is the bane of our publicservice. 

It is believed that a case cannot be pointed out of the 
discharge or engagement by an engineer officer, for 
political reasons, of any employé, from the highest to 
the lowest grade. 

Severe criticism has been made of the complicated 
and tedious methods foliowed in the care and account- 
ing for, of public property and the disbursement of 
public funds. This depends on and results from laws 
of Congress, for which the officers of the corps and the 
military spirit are in no sense responsible; and the 
same inconvenieners are felt in every branch of our 
public administration, civil and military. 

The chief and officers of the corps have always sought 
simplification and relaxation of these laws, on the 
ground that the diverse character and liability to emer- 
gency of engineering work, rendered their rigid ap- 
plication disadvantageous to the public service. 

Mistakes of ju gment have of course been made, and 
many deserving men attached to the corps as civil as- 
sistants, have justly felt aggrieved that they did not 
share the permanence nor enjoy the opportunities for 
advancement of their military associates, ' 


Under a system which in one year appropriates 
$12,000,000 for public improvements, and the next year 
nothing. expansion and contraction of the working 
force is necessary, and would still be necessary. no 
matter what the constitution of the board or bureau in 
charge. It is believed that the freedom from political 


' pressure enjoyed by the military officers of the corps, 


has kept this process of selection and removal free 
from unworthy motives; that they have always sought 
to give deserving men all possible permanence in em- 
ployment; and that the same could not be expected of 
anybody not independent of the fluctuating poliry of 
Congress towards river and harbor work. 

The system is doubtless imperfect and has worked 
injustice, for which the officers of the corps can hardly 
be held responsible; but the benefits above described 
are substantial ones, and we should seriously inquire, 
before urging a change, whether that change, in the 
form which it will doubtless take, will secure the same 
advantages, or others, which would compensate for 
their loss. 

What will be the nature of new legislation on the sub- 
ject? If we can judge by the course of Congress in the 
past, its feeling, and that of the publie touching the 
creation of life officers, wa shall have a Board or 
Bureau of Public Works, more or less permanent, and 
a body of assistants under it, which will vary in num- 
bers with the requirements of the River and Harbor 
Bill. 

How will this Board be selected? Will the men now 
in civil life most fitted by professional acquirements 
for the places, and for that reason probably already 
earning large rewards, leave that competition in which 
their success is certain, for the small salary of a public 
official, without the guarantee of life tenure? 

Will those officers of rank and experience in the 
Corps of Engineers, the de irability of whose services 
in a new organization is admitted by all, throw up their 
lif« commissions for the feeble inducement above des- 
eribed? Is it not more likely that the competition for 
these new places will be among those who have not 
achieved a definite success in civil life, and who have 
mose confidence in the political influence they may 
command than in their professional accomplishments? 

There is, therefore. practically, a certainty that a new 
Bureau will not have the independence which comes 
from life tenure, and a probability that it may not 
equal in aggregate experience or acquirements the 
present administration. 

There seems no reason to suppose thata new Bureau, 
however constitutad, will force upon Congress a fixed 
and rational policy of appropriations, from which it re- 
sults that a large force of assistants will, as now, have 
to be alternately selected and removed. 

With the chiefs themseives owing their appointment 
to, and dependent on political causes, it is hardly to be 
hoped that these subordinate appointments will be 
made for purely professional reasons. 

We need not go outside of our own Government to 
find a department organized for purely technical and 
scientific work under civil administration, where the 
chiefs of every important office change, as a matter of 
course, with the politics of the dominant party, and 
where neither experience nor proficiency will save the 
oldest emp oyé from summary dismissal for political 
reasons, 

It may seam illogical to admit that a thing could bo 
changed for the better, and at the same time to resist 
the effort for a change; but we have ample reason to 
fear that the gift of Congressional reform will be the 
Grecian wooden horse, which will conceal the inroad of 
fresh dangers for our much tried Civil Service. 

The motives which now seek and generally accom- 
plish the passage of the annual appropriations would 
become inert or hostile were the objectionable features 
of that legislation removed; and without a revolution 
in popular and Congressional feeling in the matter, of 
which there are yet no signs, it will be as idle to seek 
benefits from a change in administration as to prune 
and graft upon a tree which is already dying at the 
root. 


The fact appears generally admitted that our present 
system is lamentably imperfect as a basis for conduct- 
ing public works; by none more readily admitted than 
by the corps at present charged with the execution of 
said improvements. 

While concurring in this opinion and wishiag to give 
to it all the weight which our concurrence can give, we 
dissent from two conclusions drawn by Capt. Payson, 
namely, 1si—That the present system of annual appro- 
priations by Congress is too deeply rooted and too ef- 
fectually sanctioned by custom and political expedi- 
ency to be overthrown by a proper dissemination 
among the general public of rational views upon this 
subject. 

We have the fullest confidence in the intelligence of 
the people when a matter affecting their common inter- 
ests is properly impressed upon their minds; that if 
this matter be bat properly presented and discussed, 
their representatives can be relied upon to carry out 
their wishes. 
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2d—That the formation ofa permanent branch of the 
Civil Service, under which life tenure will be assured, 
is incompatible with our present political system. 

That this view is erroneous. we have evidence of in 
the tenure of office enjoyed in the Judiciary and 
Coast Survey Derartments, not to mention the perma- 
nent organization of the army and navy. 

In our judgment, as regards public matters, the flat 
has gone forth in favor of civil service reform: its fu- 
ture will be progressive, for the reason that the people 
demand business methods in public business. 

In discussing this general question, the prime evil 
stands boldly forth in the shape of the method of ob- 
taining and distributing the appropriations, not in 
their disburament and application. The eradication 
of this and the substitution of a rational system, is the 
question to which cur voices and votes as citizens and 
our professional discussions as members of the Tech- 
nical Society should be turned. 

No board of public works. however competent, faithful 
and efficient, c6uld accomplish good results under the 
present system of appropriations, nor is there any 
reason to suppose that a Board could obtain better re- 
sults than are at present secured by the Corps of Engi- 
neers. 

With the correction of the fundamental evil, the 
formation of a Board «f Public Works will naturally fol 
low. and must draw into its membership those men 
best fitted to marshal the forces of nature for man's 
benefit, whether their early training be civil or mili- 
tary, 

To conclude, in our opinion it is expedient for our se- 
ciety to identify itself with the action proposed by the 
“ Engineers’ Committee,” in so far as it may relate to 
the production of a healthy state of public sentiment 
in the matter of a policy of public improvements Fur- 
ther than this, we have at present no recommendation, 
preferring to leave the matter open for future discns- 
sion and action. as our knowledge of the question and 
its issues may extend. 
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PROVIDENCE, RHODE ISLAND. 


(Continued from Page 358). 
Prices for Work 


And the said party of the second part hereby further 
agrees to receive the following prices as full compen- 
sation for furnishing all the materials and performing 
all the labor which may be required in the prosecution 
of the whole of the work to be done under this agree- 
ment, and in all respects pe forming and completing 
the same, to wit: 

For taking up and removing to the city yard the pre- 
sent pavement, per square yard, the sum of-—. 

For all earth excavation. and for material for filling 
holes, measured in place, including preparation of road 
bed, per cubic yard, the sum of—. 

For furnishing and laying concrete, per cubic yard, 
the sum of——. 

Furnishing and laying new cross-walk stone, inclu- 
ding sand bed, filling joints, ete., per square foot, the 
sum of—. 

For taking up, dressing and relaying old cross-walk 
stone, including sand bed, fiiling joints, ete., per square 
foot, the sum of—. 

For furnishing ani laying granite blocks, including 
furnishing and placing sand for bed, gravel and as- 
phalt mixture for joints and trimming of curb where 
necessary, per square yard, the sum of——. 

It being expressly understood that the measurements 
of the pavements shall be taken after the laying or 
setting of the stones, and that the aforesaid prices 
cover the furnishing of allthe different materials and 
labor and the performance of all the work mentioned 
in this specification and agreement. Man-hole frames, 
gate-boxes, car tracks and stringers and gutter-stone, 
will be deducted from the measurements as outs, 

It is further expressly understood and agreed by and 
between the parties hereto that the action of the En- 
gineer, by which the said contractor is to be bound and 
concluded according to the terms of this contract, 
shall be that evidenced by his final certificate; ali prior 
certificates, upon which eighty-five per cent. payments 
may be made, being merely estimates, and subject to 
the corrections of such final certificate, which may be 
made without notice to the contractor thereof, or of the 
measurements upon which the same is based. 

And it is thereby expressly agreed and understood 
by and between the parties hereto that the said parties 
of the first part, their successors and assigns, shall 
not, nor shall any department or officer of the city of 
Providence, be precluded or stopped by any return or 
certificate made or given by any engineer. inspector or 
other officer, agent or appointee of said City Engi- 





*Copyrighted by ENGINEERING News PUBLISHING Co., 
1886. 
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neer, or said parties of the first part, under or in pur- 
suance of anything in this agreement contained, from 
at any time showing the true and correct amount and 
character of the work which shall have been done and 
materials which shall have been furnished by the said 
party of the second part, or any other person or per- 
sons under this agreement. 
Meaning of Specification, 

The City Engineer shall decide as to the intent in 
meaning in any portion of this specification where the 
same may be found to be obscure, and any work or ma- 
terial accidently omitted in the foregoing description, 
but clearly implied, shall be furnished by the contrac- 
tor without any extra compensation; it being under- 
stood that the contracter will furnish all material (ex- 
cepting furnishing so much of the cross-walk stone, 
as shall in the opinion of said Engineer be suitable to 
relay), all labor, tools or appliances necessary for the 
entirs and proper completion of the roadway within 
the curb lines, including that of the roadway at inter- 
secting streets to the range of the linesof Westminster 
street, from the range of the west curb-line of Ex- 
change street to the range of the east curb-line of 
Jackson street. 

In Witness WHEREOF, the parties hereto have here- 
unto set their hands and seals, the city of Provi- 
dence by the Mayor thereof, thereunto duly 
authorized, at said Providence, on this day of 

A.D. 18 


Signed in the presence of 


KNOW ALL MEN BY THESE PRESENTS, That we of 

are held and firmly bound unto the city of Providence 
inthe sum of seven thousand dollars lawful money of the 
United States of America, to be paid to the said city of 
Providence, or to its successors or assigns; for which pay- 
ment well and truly to be made, we bind ourselves and our 
several and respective heirs, erecutors, and administrators 
jointly and severally, firmly by these presents. 
Sealed with our seals, Dated this day 
one thousand eight hundred and eighty. 

WHrreas, the above bounden by an in- 
strument in writing under hand and seal vear- 
ing even date with these presents, ha contracted 
with the said city of Providence to furnish all the ma- 
terials and labor to pave 
WESTMINSTER STREET, BETWEEN EXCHANGE STREET 
AND JACKSON STREET, as appears by the foregoing con- 
tract and specification. 

Now, therefore, the conditions of the above obliga- 
tion are such, that if the said above bounden 
shall well aud truly, and in good, sufficient and work- 
maniike manner, perform the work and furnish the 
materials mentioned in the aforesaid agreement in ac- 
cordance with the terms and provisions therein stipu- 
lated, andin each and every respect comply with the 
conditions and covenants therein contained. then this 
obligation to be void: otherwise to remain in full force 
and virtue, 


Signed and Sealed | 
npresenceof 4} 


The grade of the curb in a portion of West- 
minster street, (see Plate 27, Fig. 2.) as in 
other streets in this city, was not sufficient to 
properly dispose of the surface water, so that 
the pavement was not laid parallel with the 
grade of the curb. The grade of the curb in 
this portion of the street was .22 feet per 100 
feet: the grade of the railroad track was .25 
feet and that of the pavement at gutter line 
was .45 feet per 100 feet. The different longi- 
tudinal rates gave different transverse rates 
at each section, varying from .26 to .38 fall 


Plate 29.—Macadam and Gravel Roadways. 


from the rail to the curb; there being summits 
and depressions in the pavement. 

In macadam or gravel streets the transverse 
rates increases with the longitudinal rate so 
as to carry the surface water into the gutters. 
(See Plate 29.) 

Grades of 0.5 to 4 feet inclusive, havea trans- 
verse rate of .04 per foot. 

Grades above 4 feet to 6 feet inclusive have 
a transverse rate of .05 per foot. 

Grades above 6 feet to 9 feet inclusive, have 
a transverse rate of .08 per foot. 

Grades above 9 feet have atransverse rate 
of .10 per foot. 

These rates are crowned at their intersec- 
tion. 

Screened gravel or broken stone are used 
for the wearing surface. In streets having 
heavy traffic or where the natural material is 
affected by the frost, a foundation of refuse 
stone, such as are thrown out at the gravel 
banks, is laid from 1 to 2 feet in depth and 
rolled with the steam roller, the wearing layer 
about 6inches in depth of gravel or broken 
stone is then put on and rolled. In other 
streets a depth of 10 inches, laid in two 5-inch 
layers, is used, each being rolled with the 
steam roller. 


(TO BE CONTINUED.) 
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WATER 


THE time for receiving bids forthe Shreveport, La., 
Water-works and Sewerage has been extended to the 
second 7 hursday in July. Proposals and specifications 
will be published in this journal next week. Mayor 
Currie, of Shreveport, is at the Astor House, this city, 
and has the matter in charge. 


BaraBov, Wis.—It is proposed to build water-works. 
RED CLoup, NEB., wants a system of water-works. 


Watseka, Int. Old brick culverts are being replaced 
by new ones of sewer tile, 18 to 24inches in diameter. 


Horyoxe, Mass.—The Holyoke Hydrant and Iron 
Works Company has been incorporated by Richard 
Pattee and others. Capital, $5,000. 


JACKSONVILLE, Fita.—The Tsala Apopka Canal Co. has 
recently been crganized, with George F. Drew as presi- 
dent. 


Norcatur, Nes.—The system of water-works, con- 
sisting of a large well with wind mill, and a three 
hundred barrel cistern near by, is completed and in 
good working order. 


West Pornt, Nes.—The final test of the water-works 
has been made. The pipes were subjected to an un- 
usual pressure, but stood the test without a break. The 
board has accepted the works. 


Tue Hyatr Firter.—The Health Board met on the 
7th inst. Hon. Wm. A. Righter presided until such 
time as the engagements of the Mayor in other official 
work permitted him tu be present. After the trans- 
action of the usual routine business, decided action 
was taken in favor of the prumpt adoption by the Aque 
duct Board of the Hyatt filter. The matter was 
brought up by Dr. Mandeville, who said he regarded it 
as of the utmost importance that some system of fl- 


ewr"4n- 


tration should be adopted, whereby the water we drink 
and usein our households may be cleansed from its 
impurities and made more palatable and wholesome. 
He spoke of the Hyatt Filter as the best appliance yet 
devised for removing the unwholesome organic matter 
from the water, and asserted that there was nothing 
which so nearly concerned the entire community as 
that of a better and purer supply of water. He then 
offered the following preamble and resolution, 


Whereas, The Board of Health of the city of Newark, 
realizing that the public welfare of the city demands 
that some prompt and efficient means should be « m- 
— to improve the condition of the Passaic water, 
and remove. as far as possible, the impurities con- 
tained therein, and tothat end have made an examina- 
tion of the process of filtration and aeration of water 
by the Hyatt system. and have had the Passaic water, 


as supplied to the city, analyzed by Professors Austin 


and Wilbur, of Rutgers College, the chemists and ana- 
lists of this Board, both before and after the same had 
been treated by the Hyatt system; and it appearing by 
their analysis and report made to this Board, on file in 
our office, that the Hyatt system of filtration and aera- 
tion removes from the Passaic water all suspended 
matter and a large portion of the organic impurities, 
and renders the water clear and sparkling to the eye, 
potable and refreshing to the taste and safe to drink. 
and that the process is practical in every detail: and, it 
also appearing that the requisite plant and fixtures 
will be of a permanent and durable character, and will 
be available and useful in connection with a new source 
of water supply for our city, if such should be adopted; 
therefore be it 


Resolved, That the Board of Health of the city of 
Newark, after a thorough examination of the Hyatt 
system of water purification, do respectfully recom- 
mend its adoption by the Aqueduct Board of the city of 
Newark as aready and efficient means of affording a 
greatly improved and safe supply of water to our citi- 
zens and we urge upon said Board immediate action 
< —— end, provided the same can be had at a reason- 
able cost. 


Hon. Wm. A. Righter seconded Dr. Mandeville’s mo- 
tion that this preamble and resolution be adopted. and 
went on to speak in the highest terms of the effectiveness 
and practicability of Mr. Hyatt’s system of filtration. He 
was satisfied, after testing the filter in his own house. 
that no step could be taken in the interests of the public 
which would redound so much to the benefit of the entire 
community. Indeed, he could say from his own experi- 
ence, after having tested the system for some months, 
that the filtering process ,Mr. Hsatt has given to the 
world is an invention which will rank with the grandest 
improvements of the present age. It not only makes the 
Passaic water clear and beautiful, but removes from it 
every vestige of unpleasant odor, and leaves it wholesome 
and refreshing. He would vote for the preamble and 
resolution with great satisfaction, for he was satisfied 
that the improvement that would be made in our water 
supply. would not only improve the public health and 
gratify the public palate, but be the means of greatly 
increasing our already growing population. 


Dr. Herold followed in a similar strain. He said 
he was not one of those who regarded the Passaic 
water as absolutely detrimental to health, and he did 
not believe that any case of sickness could be traced 
toour water supply. The dangerous germs which may 
be found in the water above our source of supply, he 
was satisfied were not carried into the reservoirs of the 
Water Board. Still there are impurities and large 
quantities of soluble matter in the water, and the 
Hyatt Filter, which he had thoroughly examined, 
would remove more thar two-thirds of this, and make 
the water superior to the supply of any city in this section 
of the country. It possesses qualities which no other filter 
does, and renders water pure, wholesome and almost 
crystalline in appearance. He would cheerfully vote for 
the adoption of the resolution. 


Some other remarks of a sizhilar character were made. 
and the preamble and resolution were then adopted by 
an unanimous vote of the Board.—Newark Daily Adver- 
tiger. 
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Denver, Cou.—Articles of incorporation have been 
filed by the Divide Line Ditch Company. The incorpo- 
rators are Frank Bryant, Joseph Ewing, John Patrer- 
son and Levi Hannah. Capital stock, $50,000. Basis of 
operations, Weld county; office, Pleasant Valley. 


Dvuranco, Cout.—The Durango Light Compan y 
which was organized some time ago, and to which the 
people voted at the late spring election a franchise for 
lighting the city, has decided to putin gas works. All 
the stock is taken by the citizens and paid in. 


TALLADEGA, ALa.—The water-works will be com- 
pleted about July ist, and the gas works will have ‘heir 
cap: city increased thissummer. The two companies 
are now consolidated as the Talladega Gas, Light & 
Water Co. 


GALEsBURG, ILL. Messrs. Moffet. Hodgkins and Clarke, 
have made report to the City Council onthe proposed 
new water-works. In the absence of any large river 
the supply must be obtained from wells or from im- 
pounded surface water. Unless artesian wells can be 
obtained (and the report does not allude to them as reli- 
able),Court creek is the only available supply,the other 
ereeks being foul. Of thethree reservoir sites consid- 
ered,the one is recommended where by adam 15 ft. high 
a reservoir ‘an be constructed, flooding forty-sixacres, 
with a storage capacity of 135,000,000 gallons, suffi- 
cient for a population of 25,000. There is needed for 
Galesburg, assuming a population of 15,000 at sixty gal- 
lons per capita, a daily supply of 900,000 gallons of 
water, in addition to which the railroad uses, 250,000 
gallons, making a total daily consumption of 1,150,000. 
The following is the result of an analysis by Prof. Bal- 
lart, which does not materially differ from results ob- 
tained by Prof. Rich: 


Miveral matter, grains per U.S. gailon, of 






931 cubic inches. .....-...--.--e eens we eeeee 9.331 
Volatile and organic. .......-..-++--sseeeeeees 5.248 
Total solidS..........-++ seeceee tteseneeceees 14.579 
Permanent hardness, degrees of Clarke’s ona 

Bovccce. 00+ covecccccveccseveccccceecoeces if 
Temporary hardness........---.-++++seeeee0- 5.53 
Total hardness. ..-.--------sceereeeeeeecserces 10.500 
Chlorine, grains per U. 8. gallon, of 231 

eubie inches......-.....-+-+ee-++ 0.321 
Free ammonia,parts per million... ° 0.200 
Albuminoid ammonia,per miilion- % 0,264 
Nitrates. ..-..ccccccccccccccece sseccesecccevess smallamt. 


The water contained quite a little matter in suspen- 
sion which made it appear somewhat turbid and gave 
_it a yellowish tinge when viewed ina column one foot 
deep. The report states; “In using Court creek as a 
source of supply and constructing there a reservoir 
with dam of fifteen feet, and a flood ditch to be exca- 
vated for 3,000 ft.. with the necessary three and three- 
fourth miles of 16-inch force main the cost of serviceis 
largely increased. In addition to the distance, we shall 
be compelled to pump against a head, when thestand- 
pipe is full, of 225 feet, making more powerful pumps 
and heavy pipes a necessity,and a considerable increase 
in the regular daily cost of operating the works. The 
present plant as far as the pipe line extends is avail- 
able as part of a more thorough and extended city ser- 
vice, but it is small comparsd with your actual require- 
ments to-day. and leaves more than half the built por- 
tion of the city without fire protection. We have care- 
fully examined every street and have prepared a plan 
of pipe distribution with the necessary hydrants, which 
we present herewith, This plan adds thirteen miles 
within the city to the eight already laid and increases 
the number of hydrants to 225. These pipes are from 
10 to 4 inches in diameter, but of the latter only a little 
more thana mile. They are arranged to give a free 
circulation of water with but few dead ends, and by 
this circulation making the service doubly effective. 
We also add three and three-quarter miles of 16-inch 
‘ main, makiog in all twenty-five miles of pipe. thus 
making the pipe service within the city more than two 
and one-halt times the present plant, with hydrants 
in evenlarger proportions, and offering a system by 
which for the first time your city would be fully pro- 
tected in case ofa fire. This system of stand pipe or 
tower combined with direct pumping affords the most 
effective service within reach ; besides always provid- 
ing an equal pressure npon the pipes, the reserve of 
water in the tower with its capacity of 172,000 gallons is 
sufficientto meet any sudden demand and furnish 
ample fire service until supplemented by pumping 
from the reservoir.” The proposition is to rebuild the 
water works, using the present plant as far as it is 
available, in accordance with the submitted plans and 
report, which will require the laying of about 17 miles 
of pipe in addition to what is already laid, giving over 
twenty-one miles of pipe within the limits of the city; 
to place with those already placed, 225 hydrants and 
keep them continuously supplied with water adequate 
for fire purposes at an annual rental of $12,000, and to 
furnish additionalsupply for all domestic purposes at 
rates not exceeding the rates charged in similar cities 
throughout the State. ‘‘ This offer, notwithstanding 
the unusual difficulties of construction, is as favorable 
as has been made by any company to any city in the 
country.—Galesburg, Lll., Republican. 


No. 19. Water Pressure in Mains of Various Cities. 


ToWN AND STATE. 


| Topography. in town. 

feet. 
Lyons, Ia. hilly. 25 to 50 
Middleboro, Mass. level. 100 
Middletown, Ohio. level. 0 
Milford, Mass. hilly. 50 to 79 
Milton, Pa. level. 0 
Missoula, Mont. hilly. 10 to 12 
Mt. Morris, N. Y. sloping. 15 to 30 
Nyack, N. Y. level. 0 
Petaluma, Cal. rolling. 75 to 100 
Pheenixville, Pa. hilly. 30 
Pierre. Dak. hilly. 75 
Pittsfleld, N. H. hilly. 50 to 75 
Plainville, Conn. level. 0 
Plymouth. Pa. sloping. 10 to 200 
Port Byron, N. Y. | hilly. 60 
Port Chester. N. Y. hilly. 175 to 200 
Port Huron, Mich. level. 0 
Rich Hill, Mo. rolling. ——— 
Riverside, Ill. level. 0 
Rochelle, Ill. lovel. 0 
Rome, N. Y. (Cal. level. 80 
San Buena Ventura, | hilly. 20 to 60 
San Marcos, Tex. hilly. | 40 to 60 
Three Rivers, Mich. _ level. 0 
Watertown, N. Y. sloping. 100 


IRRIGATION IN CoLORADO.—State Engineer Nettleton 
has been measuring the supply of water from the 
Dolores river, and states his opinion that during the 
irrigating season there was water enough to supply a 
half million acres of land with abundance. 


AuBany, N. Y.—The new water commission will prob- 
ably let the contract for supplying the city with water 
by the driven well systemvery shortly. After the let- 
ting of the contract the work of establishing the new 
system will be progressed with as rapidly as possible. 


IRRIGATION FOR VICTORIA (AUSTRALIA).—The Govern- 
meut of Victoria have again under consideration the 
proposals which have been made by Messrs. Chaffey 
Bros., the promoters of several large irrigation 
schemes in America, for the establishment of an irri- 
gation colony in the northern parts of Victoria, similar 
to those which have been founded with success in some 
of the western States. The members of the firm, who 
were on a visit to the Colony had traveled through some 
of the country districts, and found more than one site 
that would be suitable for their purposes. They are 
desirous of securing one of these, and are prepared to 
guarantee the settlement of the land and its cultiva- 
tion with the aid of irrigation. 


DELAWARE, O., WaTER-WorkKs.—At the request of the 
Water-Works Committee, the consulting engineer, Mr. 
J. D. Cook, has sent in a supplemental report replying 
to some questions suggested by his former report on 
the proposed new works (see p. 302 ante.) The questions 
related chiefly to the quality of the Greenwood Lake 
water, and the probability of obtaining a subterranean 
supply. which Mr. Cook says can only be s-ttled by 
chemical tests (he believes the water to be exception- 
ally good) in the first case, and by actual pumping in 
the second. With regard to constructing a metallic 
standpipe of adequate size and altitude, he states that 
it would cost from $30,000 to $35,000. The last question 
asked for a description of the works, which Mr. Cook 
says are amply described in his report, except specifi- 
cations. detail drawings, ete., which are not required 
at the present stage, being a part of the construction 
proper. 


WasHincton, D.C., WaTeR-works EXTENsSION.—The 
House Sub-Committee having in charge the bill mak- 
ing appropriation for continuing the work on the 
Washington water-works extension, have recom- 
mended that the money asked for by the Engineer De- 
partment—$395,000—be appropriated to complete the 
work. The sub-committee were very much interested 
in Captain Hoxie’s criticism of the method of driving 
the tunnel adopted, and admired the ability with which 
he presented his views. They were not convinced, 
however, that any deeper excavation (as he advised) 
would have improved the rock through which the tun- 
nel is driven, and that point was practically aban- 
doned. As to the lining of the part to be lined, 
whether with concrete or brick, no engineer who testi- 
fled was willing to dispense with the brick shell, ex- 
cept that Gen. Meigs thought each section should be 
treated with brick, stone or concrete, as the judg- 
ment of the engineer in charge should suggest. The 
sub-committee are unconvin-ed that any censure is at- 
tributable to Capt. Symons or Major Lydecker in the 
plans adopted, and they were very favorably impressed 
by Capt. Symons’ explanations and defense of his 
methods. 


Difference of level 


COMPILED BY J.J. RB. CROES. FROM SPECIAL RETURNS, JAN., 1886. 


In Business District. 


aeanmnel> - 


Day Pressure. Night Pressure.’ Fire Pressure 





Ibs. Ibs. lbs. 
} 43 ! 47 8 to 160 
} 50 to 60 60 100 
40 to 4% 40 to 45 80 to 100 
80 Ra 120 
58 58 58 to 100 
45 47's 45 to 47% 
40 to 50 45 to 55 45 
| 55 55 55 
60 to 70 60 to 70 60 to 70 
70 70 70 
120 — 160 
75 to 100 + 75 to 100 
j 90 100 9 to 100 
120 120 120 
63 63 65 to 70 
118 120 118 to 120 
30 30 75 to 80 
45 90 
23 23 23 
40 40 80 to 120 
25 _— 60 
90 to 100 100 to 125 90 to 125 
65S 65 # 
35 25 85 
40 45 60 


FLUSHING-TankK.—Mr. A. Rosewater, City Fogineer of 
Omaha, Neb., has patented a new form of tank and 
siphon for flushing sewers. 


SauGerties, N. Y.—The question of permitting a New 
York water-works company to lay pipes in this 


village is to be submitted to the taxpayers at a special 
election. 


ALBUQUERQUE, N. M. The construction of the mesa 
irrigating ditch will cause the expenditure of over 
$500,000, principally in labor, and the ditch will people 
200,000 acres of the best lands in New Mexico, probably 
adding 20,000 to Albuquerque's population. 


GALVESTON, Tex.—A long drought has caused a water 
famine, nearly all the reservoirs being exhausted. 
Water sold at a cent a gallon, and forty cents a barrel. 
Rain set in at various parts of the State on June 3rd, 
and it is hoped the drought is at an end. 


THE BeEetaLoo (Australia) water-works, consisting 
of a wall 560 feet long and 105 feet wide to dam up 700,- 
000,000 gallons of water, will cost, it is believed, about 
$1,000,000, or $250,000 l+ss than the original estimate. 


. Mount Vernon, N. Y.—Several residents are having 
artesian wells bored. One of these is 47 feet deep, 
6 inches bore, and has 42 feet of water, the tempera- 
ture of which is about 48 degrees. These wells cost 
from $4 to $6 per foot. 


THE irrigating canal, built in the western part of 
Kansas, by Mr. M. T. Soule, of Rochester, N. ¥., is now 
completed, It is 40 feet wide, 6 feet deep, 70 miles long. 


and will, it is thought, be of great benetit tothe farmers 
in the vicinity. 


GRanD Junction, Cot., June 1.—An election was held 
to-day on the question of sinking an artesian well and 
erecting water-works, and both projects carried by 
small majorities. The sentiment of the voters is 
strongly in favor of the erection of water-works, but 
many oppose the sinking of an artesian well on ac- 
count of the possibility of failure to get water, 


DRAINAGE IN ILLINOIS.—What is now known as the 
drainage district near Manito, composed of some 50,000 
acres of low lands, on which has been expended $200,- 
000 in constructing over forty miles of 30 and 60-feet 
ditches, is fast becoming the garden spot of Mason 
county, and ere long will all be under cultivation, as 
there are perhaps thirty or forty prairie breakers run- 
ning, while lands that were broken before that failed 
three years out of four, owing to floods and rains, are 
now dry, and in the very best condition for tilling. The 
prospect for an immense crop the present sea-on is 
very flattering in this district.—Peoria, Il., Transcript. 


Curicaco Water.—Prof. J. H. Long of the Chicago 
Medical College has forwarded to the State Board of 
Health an analysis of lake water as drawn from the 
faucet at the college, during the weeks ending May 8th, 
15th, and 22nd. The resultis the best that has been 
obtained during the last nine months, and shows Chi- 
eago’s water supply to be exceptionally pure at the 
present time, and to be practically free from sewage. 
In fact, the water is better than it has been since any 
system of extended analysis has been in operation. 
The analysis shows that the highest percentage of free 
ammonia per 1,000,000 is .040, and of albuminoid am- 
monia .074, 





———— 
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NEWS OF THE WEEK. 


CONTRACTING, 


Street Drains.—The Road Committee, Montreal, has 
awarded contracts at $4.96 to $6.78 per yard. 


Rio Grane Bridge.—The Texas & Pacific and the 
Southern Pacific railroads will erect a large bridge 
over the Rio Grande river, at El Paso, Tex. 


Water-Pipe.—The contract for water-service pipe on 
Englewood street, Lake, IIL, has been ‘et to Thomas 
Gahan at sixty cents per foot. 


Chesapeake & Nashville R. R.—Tracklaying has 
been commenced at Gallatin, Tenn, Bridge super- 
struciure is being erected by the Keystone Bridge Co. 


Railroad.—W. H. Winn and T.Q. Fleming have re- 
ceived the contract to build the twenty-three miles of 
the Brunswick & Western Railroad from the Satilla 
river to St. Mary’s, Ga. 


The Wallabout Channel in the vicinity of the 
Brooklyn Navy-yard is being dredged, and it is pro- 
posed to form a new basin at the end of the Cob Dock, 
in accordance with the wishes of Secretary of the Navy 
Whitney. 


Bridges for India.—Three large bridges are to be 
eonstructed in India, on the line of the Bengal Nag- 
pore Railway; the Damuda, Elb and Brahmina, The 
first of these will consist of nine spans, each 250 feet 
long, and the estimated cost will be about $660,000. 


Duluth, Huron & Denver R. R.—The contract for 
grading ninety miles of road, from Sauk Center to the 
Dakota line, has been let at $10,000 per mile, including 
six coaches, forty box and forty flat cars, ten tanks, 
ete. The road is to be in operation in 1887, 


Chesapeake & Ohio R. R.—Contracts have been lot 
for building the extension from Ashland, Ky., to Cov- 
ington, along the bank of the Ohio river, 180 miles long: 
also vontracts for the land for the approaches, for 
stone and iron work for the superstructure of the 
bridge across the Ohio river between Covington and 
Cincinnati. 


Bridge Eye-Bars.—The Union Bridge Co. has re- 
ceived an order for eye bara for a bridge in Japan, 
which is being constructed by English builders. They 
competed with English firms on the price. They have 
also lately put into the Athens shops a testing machine 
of a capacity of 550 tons tension. By this the maximum 
tensile strength of any eye-bar can be thoroughly 
tested, 


Stamped Envelopes.—The Postmaster General has 
awarded the c ntract for stamped envelopes and news- 
paper wrappers for four years from October, to the 
Morgan Envelope Company, and the Clinton Manu- 
facturing Co., of Hartford. The estimated expenditure 
under this contract is $3,250,000. The contract for the 
post route maps has been awarded to A. Hoen & Co., 
of Baltimore at their bid of $16,689. 


Dredging.--Superintendent of Publie Works Shana- 
hun received the following bids for dredging 14,000 cu- 
bie yards of material from the Hudson, opposite Bath, 
and has awarded the contract to E. M, Payn: 

Per cubic yard, 
FE. M. Payn, Albany 
P. W. Myers, Albany 
John MeDermott, Cohoes 

The channel is to be dredged 8 feet deep and 1256 feet 
wide. 


Paving Compound.—Austin Waljrath, Nevada City, 
Cal., has patente:1 a composition for paving, roofing or 
building. It is composed substantially of bituminous 
sand-rock softened by steam power, mixed with earthy 
or mineral substances and rolled to a firm surface with 
hot irons or preesed into moulds for bricks or blocks. 


Northern Pacific R. R.—The contracts have been let 
for the completion of the Cascade division. Nelson 
Bennett, who is now building the tunnel through the 
Cascades, was given the contract for twenty miles on 
the west end. Hall, Smith, Burns & Co.. of Portland, for 
the remaining portion, which covers about sixty miles 
of grading, including a switch back over. the moun- 
tains. Both are to have their work comple.ed by June 
ist, 1897. 


Culverts.—The Village Engineer, Duluth, Minn., 
opened the following bids June srd, for two stone arch 
culverts, 8 feet by 10 feet and 10 feet by 12 fect; MeLean 
and McKenzie earth excavation, 65 cents; rubble ma- 
sonry, $i; dressed masonry, $19.95; stone paving, 1 foot 
thick, per square yard, $1.35. Quimby and Tualleck. 
35 cents ; $5 ; $22.68 ; $2.25. N. Nelson, 52 cents ; $4.94; $25.75; 
$1. Samuel Osborn, $2; $2.50; $24.30; $2. The contract 
was awarded to McLean and McKenzie for $11,049, 


ENGINEERING NEWS AND 


Sewers.—The following bids were opened by the Village Engineer, Driuth, Minn., on June 3ed, for 7,500 
lineal feet of sewer. The contract was awarded to Youngren & Gleason, 
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Brockville ond “Westport R. R. —MeDonald and 
O'Brien of Ottawa, have secured the contract for build- 
ing the greater part of the road, 


Bridge.—The Pennsylvania R. R. Co. has decided to 
build a new bridge across the Tuscarora at Port Royal, 
Pa. The contractors are Sparks and Evans, 436 Walnut 
street, Philadelphia. 


Pile Bridge.—The following bids were opened June 
3rd, by the Village Engineer, Duluth, Minn., for a pile 
bridge, 480 feet long and 80 feet wide; McLean and 
McKenzie, piles, $3.50; superstructure, $16 per 1,000 feet 
B. M.; iron, 3 cents. E. F. Le May $5.50; $20; 3 cents. 
Butchart and Sang, $3.60; $14: 2.44 cents. The con- 
tract was »warded to Butchart and Sang for $5,478. 


Railroad.—The contract for building the branch of 
the Grand Rapids & Indiana Railroad between Grand 
Rapids and Muskegon has been awarded to the Me- 
Donnell Bros., of whom Archibald McDonnell resides in 
Grand Rapids. The engineers of the road estimate the 
cost at about $750,000, The route decided upon is the 
northern one, via Lamont. 


Barb-Wire Fencing.—Rousseau Bros. & Co., who 
have received the contract for fencing in the entire 
line of the Montreal & Smith's Falls Short Line, a dis- 
tance of 126 miles, have given the order for the barbed 
wire to the Dominion Barbed Wire Company. 200 tons 


will be necessary, the whole contract involving about 
$50,000. 


Construction Company’s Suit.—INDIANAPOLIS, June 
4.—The Western Construction Company has entered 
suitin the United States Court against the Toledo, 
Cincinnau & St. Louis Railroad Company to recover 
$1,800,000 stock of the Frankfort & State Line Railroad 
Company, held by 8. H. Kneeland and A. A, Thomas in 
trust. 


Concrete Walks —C. W. Mead of Chicopee, Mass., 
has been awarded the contract for building the city 
concrete walks this year at fifty cents a yard, the same 
prices to apply for cross-walks. This is less than was 
paid last year. The only other bid was from Contractor 
Hill, also from Chicopee, who was a few cents higher 
for cross- walks, 


Steel Rails for Italy.—The tend. rs for 11,000 tons of 
steel rails for the Italian State Railways have been 
opened and the lowest figdre was quoted by a French 
house—Denain; the second being also French—the 
Steel Works Company of France, followed by Ceckerill, 
of Seraing, Gute Hoffnung at Oberhausen, and Chati!- 
lon. It is stated thatthe price quoted cannot be a re- 
munerative one, as it means only 8sfrs. ($17) at works. 


Cheyenne & Northern R. R.—The bids for the con- 
struction of the firat forty miles of the proposed road 
were opened at the Union Pacific headquarters re- 
cently. No award was made, the lowest bidder was J. 
J. Brown, of Council Biuffs. The road to be constructed 
runs northward from Cheyenne, and the contract pro- 
vides that the building of the first twenty miles is to be 
completed September 15th. All the work on the road, 
let this year, must be completed by April 1, 1887. 


Grading and Gravelling.—The following bids have 
been received by the Village Engineer, Duluth, Minn: 
No.1; Samuel Osborn, rock excavation, $1.35; earth ex- 
cavation, 30 cents ; earth borrow, 38 cents; gravelling and 
rolling, 70 cents, all percubiec yard. McLean and Mc- 
Kenzie, $2, 34, 60, 55 cents. James Heley, $1.40, 34, 34, 65 
cents. Butchart and Sang, $1.49, 28. 40, 90 cents. John 
Campbell, $2, 32, 85 cents, $1. Geo. Fagan, $1.25, 274.27, 
69 cents. The contract was awarded to the last named 
bidder for $11,201.08. No.2; Menning and Gager, rock, 
$1.40; earth, 30 cents; earth borrow, 40 cents; gravelling 
and rolling, $1; macadamizing, $1.50; rubble masonry 
culverts—é feet by 4 feet—s9.16 per lineal foot; wood 
culverts, $37 per 1,000 feet B. M. John Campbell. $1.7 , 
32, 75, 85 cents, $2.50, $2.50,$12. MeLean and McKenzie, 
$2.25, 28, 40, 50 cents, $3.50, $8.99, $16. Samuel Osborao, 
$1.55, 24, 30, 50 cents, $1.40, $5.50, $14. Butchart and Sang, 
$1.49, 29, 97, 48 cents, $2.61, $4.95, $13.75. G. F. Fagan, $1.60, 
27, 29, 33 cents, $1.29, $8.65, $11.95. E, F. LeMay, $1.90, 34, 
34 cents, $1.25, $3.50, $6.40, $18. The contrat was 
awarded to Samuel Osborn for $46,915.50. 
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Railroads, Bridges and Canals. 


St. Louis Bridge.—A bill favorably reported in the 
Senate authorizes the St. Louis Merchants’ Bridge Co, 
of Bt. Louis, to build a bridge across the Mississip)j 
river at some suitable point between the present St. 
Louis bridge and the mouth of the river. 


Tybee Railroad.—A contract has been closed with 
New York parties for the construction of a standard 
gauge line from Savannah (Ga.) to Tybee Island: the 
contract calls for the completion of the line by April 1, 
1887, 


San Antonio and Aransas Pass Railroad.—<At a 
meeting of the stockholders on June 2, the cap- 
ital stock was increased $5,000,000, and $10,000,000 in 
bonds were ordered issued for the construction of ex- 
ensions and taps, and the northwest extensions wil! 
be run from San Antonio to Kerrville, and the majn 
line will be extended north to connect with the Atchi 
son, Topeka and Santa Fé R. R., at some point in the 
Panhandle, making the length of the main line 865 
miles, for the building of which provision was made at 
the meeting. 


Burlington & No:thern R. R.—Track is being laid 
above the Chippewa river. The grading is finished ex 
cept a portion between Bay City and Diamond Bluff, 
and the track is laid except from Pepin to Prescott, 
The famous sink hole below Maiden Rock, Wis., has 
had another spell and taken in its fourth or fifth dose 
ofembankment. The company is now liable to move 
its line at that point and dig into the bluff for a track. 


Le Roy & Caney Valley R. R.—Tracklayiag is now 
in progress near Fredonia, Kan., on this road, which ex- 
tends to the Indian Territory line and will be a section 
of the Missouri Pacific system. One-third of the grade 
is now completed, 120,0C0 ties contracted for and 350,000 
tons of iron, 500 tons already shipped; the line will be 
supplied with combination bridges. Young & Mack- 
ling, who have the entire construction of the line, as- 
sisted by Gen. B. Dornblazee, Chief Engineer, and F. J 
Hudson, are vigorously pushing the work. The A., T. 
& 8. F. R. R. has an extension starting from Inde 
pendence and running in the same direction and each 
of these roa\ls is bending every energy to beat the 
other tothe passes through the Flint Hills on the 
border of the Indian Territory. Ths one that wins the 
race can get through the pass for small cost, and henes 
the race. The Santa Fé has for some years had its eye 
on the passin question and from time totime when 
some other road would make a threatening demonstra- 
tion, would build a few miles in that direction and 
frighten its competitor off. But it seems in this in- 
stance the Missouri Pacific stole a march and was well 
under way before the Santa Fé discovered it. 


Canadian Railroad and Bridge Bills. Bills have 
passed the Daminion Parliament incorporating the 
fellowing railroads: Lake Superior Mineral; Shuswap 
& Okanagon; Victoria & Sault Ste. Marie Junction: 
Maskinonge & Nipissing: St. Lawrence & Atlantic 
Junction; Winnipeg & North Pacific: K otenay & Ath- 
abaska: Northumberland Straits Tunnel R. H.: St. 
Gabriel Levee & B. R,; Medicine Hat RB. R. & Coal Co.; 
andthe Bow River Coal Mine, Railroad & Transporta- 
tion Co. Relating tothe Esquimault & Nanaimo R. R. 
(British Columbia); Lake Ni ing & James Bay R. K.: 
Canada Atlantic R. R.; West Ontario Pacifie BR, R.; Ip- 
tercolonial R. R.; Manitoba & Northwestern R. R.; 
Central Ontario R. B.; North-West Central R. R.; 
Guelph Junction R. R.; Chignecto Marine Transport 
R. R.; Carleton, city of 8t. John. Branch R. R.; North- 
ern and Pacific Junction R. R.; Canadian Pacific R. B.: 
Napanee. Tamworth & Quebec R. R.; and the Winni- 
peg & Hudson Bay R. R. Co. Also a bill authorising 
the building of a railroad from the Straits of Canso to 
Louisburg or Sydney as a publie work. Bills have 
been passed incorporating the Brockport & New York 
Bridge Co.; and the Niagara Frontier Bridge Co.; and 
relating to the Niagara Grand Island Bridge Co., the 
Union Suspension and the Canada Southern 
Bridge Co, Among others are bills relating to the 
Burlington Bay Canal, railroad subsidies ani works in 
or over navigable wat--rs. 








AMERICAN CONTRACT JOURNAL 


Ohio & Lake Erie R. R.—Enurz, Pa., June 4.—The 
rights and franchises of the Ohio & Lake Erie Railroad, 
which had been seized by the sheriff upon executions 
amounting to $65,000, were sold at Erie, Pa., on June 4, 
to Miss Sarah A. Reed. a sister of President W. W. 
Reed. The completion of the road is of special im- 
portance as it will connect the Allegheny Valley R. RB. 
and B, & O. R. B. with the great lakes. 


The Railroad Question in Peru.—Lia, June 9—In 
the Senate yesterday it was resolved to ask the Home 
Socretary to remit to that body the contract made be- 
tween the Iglesias Government and P. M. Grace for the 
prolongation of the Oroya Railway. The resolution 
says that until means of communication between the 
interior and the sea are facilitated national progress 
will be impossible, and counsels persevering attention 
by the Government to the opening of roads and rail- 
ways and to attracting foreign labor and capital to the 
country. 


The Canadian Pacific R. R. Co. has concluded another 
deal by which it obtains control of the Stanstead. 
Shefford & Chambly and Waterloo & Magog railways. 
The short line to the lower provinces, St. John and 
Halifax will, therefore, run by St. John, Farnham, 
Waterloo, Magog and Sherbrooke. At Lennoxville, 
two miles from Sherbrooke, the road will make con- 
nections with the Pope road, which is constructed to 
Lake Megantic, and a charter has been obtained for the 
remainder. The saving in distance over the Inter- 
colonial RB. R. to Halifax is about 250 miles. 


Union Elevated R. BR. Co.—The Fifth Rapid Tran- 
sit Commission of Brooklyn has been organized as 
the Union Elevated Railroad Company, with a capital 
stock - of $1,000,000,and a book of subscriptions was 
opened at the Fulton Bank on Thursday. There are 
ten routes decided upon ; (1) Fulton Ferry along Fulton 
street to the city line; (2) from the intersection of 
Flatbush and Fulton avenues to the new Utrecht line; 
(3) tunnel route from Fifth and Prospect avenues: (4) 
Myrtle avenue from Fulton to Grand; (5) Myrtle av- 
enue from Grund to Broadway and city line; (6) on 
Nassau street; (7) on Broadway; (8) Franklin and Myr- 
tle avenues, over private property and First street to 
Grand street ard Greenpoint; (9) on Adams, Sands and 
Washington streets: (10) Hudson avenué from Fulton 
to Park avenue. Dates are set for the completion of 
each route.the firstto be completed being Nos, 1,4 and 
7, by August 1888, and the last, the city line extension 
of No. 6,by August, 1991. Thefure is to be ten cents 
except during commission Lours. The commission, 
composed of William J. Osborne, John F. Owings, 
George W. Anderson; Richard Lacy and Charles F. 
Tonjes, has been doing its work quietly and steadily 
and there is much encouragement for the progress of 
the road, 


Canadian Railroad Subsidies.—At Ottawa, Mr. 
Pope’s bill for granting subsidies has been passed in 
full. Following are the roads mentioned, the maxi- 
mum subsidy being $3,200 per mile except where other- 
wise stated:—Moncton & Buctouche R. R., New Bruns- 
wick; thirty miles. A line from Ingereoll to London 
and Chatham, Ont.; ten miles. Northern & North-Wes- 
tern R. R.; ten miles. Caraquet RB. R., New Brunswick; 
ten miles, Lake Erie, Essex & Detroit River R. R., Wind- 
sor to Leamington, Ont.; thirty-seven miles. Thunder 
Bay Colonization R. R.. extension to Crooked Lake, Ont, ; 
56 miles. Parry Sound Colonization R. R.: forty miles. 
A line from New Glasgow te Montcalm, Que.; eighteen 
miles. From Hereford, Que., tothe International R. R.; 
thirty-four miles. From 8t. Felix to Lake St. Gabriel, 
Que.; ten miles. From Glenanan to Wingham, Ont:. 
five miles. From the Intercolonial R. R. to Cumber- 
land Basin, N. 8.; twelve miles. From L’Assomption 
to 8t. Epiphanie, Que.; 3.5 miles. Montreal & Western 
R, B., St. Jerome to Desire, Que.; seventy miles; $5,161 
per mile. From the Canadian Pacific R. BR. to St. An- 
drews, Que.; seven miles. Canada Atlantic R. RB.; 
twelve miles. A line from Truro to Newport, N.8,; 
forty-nine miles. Quebec & Lake St. John BR. RB. ; ninety- 
five miles; $1,961 per mile. Cape Rouge & St. Lawrence 
R. B., Lorette to Quebec; eight miles. For wharves om 
the line from Long Sault to Lake Temiscamingue, a 
subsidy of $6,000. A line from Gananoque to Delta, 
Ont.; seventeen miles. From the Intercolonial R. R. 
tbrough the Stewiacke valley; twenty miles. From 
Yamaska to the St. Francois river, Que.; ten miles. 
From Perth Centre, on the New Brunswick R. R., to 
Plaister Rock Island, N. B.; twenty-eight miles. From 
Fredricton to Prince William, New Brunswick; twenty- 
two miles. From Newcastle, on the Intercolonial R. R., 
to Douglastown, New Brunswick; 4.5 miles. From the 
Canadian Pacific BR. R. to Egansville, Ont,; twenty- 
eight miles. Belleville & North Hastings R. R., from 
Madoe to join the Central Ontario RB. B. at Eldorado, 
Ont,; sevén miles; subsidy of $1,700 per milein addi- 
tion te original subsidy of $1.500 per mile. Napanee, 
Tamworth & Quebec R. R.; sixteen miles; subsidy of 
$70,000 in lieu of the original subsidy. Albert R. B., 
Salisbury to Hopewell. New Brunswick. a feeder to the 
Intereolonial R. B.; a subsidy of $1,500, 


Flood In New Mexico.—A flood in southern New 
Mexico, caused by the recent heavy rains, has washed 
away every bridge of the Santa Fé R. RK. across the Rio 
Grande river except at San Juan and Bernillo. 


Kentucky Incorpoiations.—The Cumberland Gap 
& East Kentucky R. R. Co,, and the Augusta, German- 
town &Jolinson Junction KR. RB. Co. have been incor- 
porated. 


Dakota Midland R. R.—The road has been turned 
over to a new syndicate, which is perfecting arrange- 
ments for extensive railroad building in central and 
northern Dakota. Judge Becker, of Fargo, is general 
manager. 


The Sea View Railroad Company has been incor- 
porated, This was formerly the Coney Island Elevated 
Railway Company. The capital stock is $250,000, The 
directors are Frederick A. Schroeder, James Jourdan, 
and others. 


The New York, Lake Erie & Western Railroad is 
completing negotiations to secure a connection by 
which its line will be practically extended to St. Louis. 
The proposed connection is via the Ohio & Mississippi 
R.R. 


Philadelphia’s Elevated Railroad.—The grand jury 
for the May term have handed in their presentment, 
They recommend an elevated railroad, more bridges 
over the Schuylkill, the removal of all overhead wires, 
and the abolition of grade crossings. 


The Beech Creek, Clearfield and Southwestern 
Railroad was sold by the Sheriff of Clearfield county, 
Pa., on June 4 to George F. Baer, W. K. Vanderbilt, 
C. C. Clark, J. M. Gazzam and C. J. Langdon for $1,300,- 
000, subject to mortgage held by the Union Trust Com- 
pany, of New York, for $5,000,000, 


The Memphis and Birmingham (Ala.) R. BR.—A 
party commenced locating June ist, and will locate 
across the Warrior river. Station O is at the inter- 
section of Nineteenth street and Ninth avenue, Bir- 
mingham, Ala. John A. Grant is Chief Engineer and 
J. A. Milner, Locating Engineer, 8. H. Lea, Assistant 
Engineer. Location was commenced from Memphis 
on the ist. A. W. Gloster, Principal Assistant Engi- 
neer, T. B. Newcomb, Locating Engineer. Work will be 
prosecuted vigorously all along the line, and the road 
is expected to be finished in eighteen months. Surveys 
are now being made for the extension of the Georgia 
Central from Goodwaterto Birmingham. There will 
probably be two tunnels on the route. BPfforts are be- 
ing made by the citizens to have the road pass through 
Talladega. 


The New Era Grader.—Recently the editor of the 
Tribune, while at Hatton, took advantage of the ocea- 
sion to look at the work performed by the New Era 
Grader. Garfield township has recently purchased one 
of these celebrated machines and at the first trial last 
week, the Hatton people informed us that they were 
most agreeably surprised and satisfied with its fine 
work. Mr. Nelson.of the firm of Hegge & Nelson, in- 
formed us that with two day’s use of the Grader they 
had built exactly one mile of road, graded up nearly 3 
feet high, atan expense of six teams, and three men 
{two davs) and putting in more cubic yards of earth 
vhan had been upto the present time putin the entire 
township with road and poll tax. We found this mile 
of new road as smooth and pretty a turnpike as any- 
one would wish to see. This road was built through 
low and wet land and the contrast between the old, 
soft and miry road and the new high graded turnpike 
was indeed most striking, and if the noble horse was 
endowed with the faculty of speech he would tendera 
grateful tribute to this wonderful road builder. 

The time has arrived when good roads should be 
built and the Tribune hopes that every township in this 
vicinity will provide itself with one of these machines 
and grade their roads, ditch their lands, and thus not 
only enhance the value of lands to the farmers, but 
also reduce their road taxes. Wherever these graders 
have been used they have given complete satisfaction, 
and the good roads denote the enterprise and energy of 
the community. 


We learn that these graders are guaranteed to grade 
from one-fourth to one-half mile of road per day. 
From the Grand Forks Plaindeaier we also learn that 
East Grand Forks has every section line in the town- 
ship graded, and they not only there have the best of 
roads but have also reduced their road taxes to one- 
half millin place of from four to ten milis on the 
dollar. 


We have been informed that Garfield township’s road 
and poll tax is about equal to that in Northwood. Last 
year Garfield “ graded” the old way—less than one 
mile, while Northwood with the New Era Grader pur- 
chosed that year, built nine and three quarters miles 
of good graded road. Traill county—oune of the best in 
the territory—should have good roads, and we sincerely 
trust that each township will take proper steps to- 
ward accomplishing this.— Mayville, D. T. Tribune. 
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Abilene & San Angelo R. R.—The profiles of the 
line have been sent in, and the contract will be let 
shortly, probably to a New York company. 


The New Jersey & New York Extension Railroad 
Company has been incorporated. Capital, $30,000. 
The route of the road is to be from the Haverstraw 
station of th, New Jersey & New York Railroad, in 
Rockland county; thence through the valley two and 
one-half miles to Jefferson street in Haverstraw. 


Ohio Valley RB. R.—J. J. Williams, engineer, of 
Jackson, Tenn., has been appointed to proceed at once 
to Middleton, the proposed northern terminus of the 
Gulf & Ship Island R. B.. and inspect the whole coun- 
try to the Tennessee river in regard to the different 
routes proposed for the Ohio Valley road through west 
Tennessee, 


Three South Carolina Railroads.— Work on the Wil- 
mington, Chadbun and Conway Railroad has begun in 
earnest. It is highly probable thata railroad will be. 
built from Wilson’s Mill to Summerton before the 
coming fail. Work on the Bishopville Railroad is pro- 
gressing rapidly between Atkins and Bishopville. It 
is expected that the road will be completed to Bishop- 
ville in August. There is some talk of extending the 
road into Kershaw county. 


Protecting Russian Railroads.—A system of shrub 
and tree planting is adopted to arrest snow at all 
points where banks could form, The trees are planted 
25 to30 feet from the rails in five to seven lines, lines 
five feet apart and the plants a foot and a half apart ia 
the rows. The three inner lines are planted with trees 
and the outer ones with conifers, or shrubs. This sya- 
tem is said to protect very perfectly the roads during 
the gales on the steppes. 


The Montgomery & Florida Railroad Co. has been 
organized at Montgomery, Ala. ©. W. Scofield, Prvsi- 
dent; M, P. Le Grand, Vice President. and 8. D. Hub- 
bard, Secretary and Treasurer. The company will «x- 
tend the Montgomery Southern Narrow Gauge to Chat- 
tahoochee, Fia., and make it standard gauge. The 
Southern Railway Construction & Land Co., has b-en 
organized at Montgomery, with C. W. Scofield as Presi- 
dent, to build the above extension. 


Southern Kansas R. R.—The first spike on the 
Chanute, Fredonia and Longton Cut-off has bean driven 
at Chanute. The company hasa force of 16 men, aad 
is laying sixty-one pound steel rails. The grade is 
nearly completed and the track-force expect to reach 
Fredonia by August ist. There are about #0 men em- 
ployed on the grade now, A. Monroe, of Lawrence, 
Kan., and John Scott & Son, of St. Louis, have the prin- 
cipal part of the work, and W. A. Ejlis, as chief engi- 
neer, has immediate charge of the construction. 


Montana Northern BR. R.—Two survey parties are 
now in the fleld making a permanent location for the 
line from the Great Falls to the international bound- 
ary, and the Canadian Pacific KR. R. is locating the line 
from the boundary to a connection with their system. 
The Montana Northern expects to complete the line to 
the boundary, 130 miles, by July 1887, and will be met by 
the Canadian Pacific at the boundary and complete the 
connection between the two systems. The road is ex- 
pected to reach Fort Assinaboine before snow falls this 
season. 


Chicago & Northwestern R. BR.—Engineers have 
been prospecting for a line from Centerville to Sent- 
land, Dak., a distance of twenty-five miles, and it ap- 
pears now that the main line of the road, which ter- 
minates at Yankton, will be continued across the Mis- 
souri river and through Northern Nebraska. Contrac- 
tor Kyner, who has several sections of the extension 
between Chadron and Fort Fetterman,is making the 
preliminary arrangements for the work. The road has 
been already graded from Chadron to Fort Robinson, 
which is 130 miles from Fort Fetterman. 


Railroad Grant Lands.—Wasuinoton, June 3.—-The 
bill providing for the taxation of railroad grant lands, 
as passed by the Senate to-day, as a substitute for the 
House bill on the same subject, provides that no lands 
granted to any railroad company by act of Congress 
shall be exempt from taxation by states, territories or 
municipal corporations on account of the lien of the 
United States on such lands for costs of surveying, se- 
lecting and conveying, or because no patent had been 
issued on the lands; this provision not to apply, bhow- 
ever, to lands unsurveyed. The act is made to apply 
only to lands situated opposite to and co-terminus 
with completed portions of the roads and in organized 
counties. At any saleof lands under the act the United 
States may bee’ me a preferred purchaser, and in such 
ease the lands shall be restored to the public domain. 
It is farther provided that the act shali not affect the 
right of the Government to declare or enforce a forfei- 
ture of apy lands granted by Congress, and ali the 
rights of the United States to such lands are to remain 
as if this had not been passed. As the bill passed by 
the Senate wasa substitute for the House bili, it now 
goes into the hands of a conference committee, 
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The Bentonville & Western BR. R. Co., has been in- 
corporated. The road is to run from Rogers westward 
through Benton county, Ark., to a point oa the western 
line at or near Bloomfield, a distance of thirty miles. 
The capital stock is $1,000,000, 


The Litchfield and St. Louis Railro d Company 
has filed articles of incorporation to construct a line 
from Litchfield, Ill., to Alhambra. The capital stock is 
$500,000, andthe incorporators areEdward 8. Orr, Henry 
A. Neal, J. M. Alvey, H. E. Wilson and H. E. Hensley. 
all of Charleston. 


New York Elevated R. R.—The elevated railroads 
on Saturday did what General Manager Hain said they 
would do, and beat their best day’s record. The carrie1 
657,114 passengers on that day, the biggest day’s traffic 
before then having been on the oceasion of the last 
previous tie-up of the surface lines, when 538,000 pas- 
sengers were transported. 


Louisville, Cincinnati & Dayton R. R.—Ata meet- 
ing at Middletown, O.,a contract was closed with W. 
V. McCracken & Co., bya New York syndicate, for the 
construction of this line from Middletown to Jefferson- 
ville, Indiana, the road to be completed by December 
17, 1887. 


The St. Louis & San Francisco Railroad Company 
has filed articles for the extension of its Bentonville 
branch from Bentonville, Ark., to Siloam Springs, on 
the Indian Territoryline. The President has approved 
the Act amending the Act granting a right-of-way for 
a railroad and telegraph line through the lands of the 
Choctaw and Chickasaw nations of Indians to this com- 
pany. 


Union Pacific R. R.—On June 4 was celebrated the 
completion of the branch to Loup City, Neb. A train 
from Omaha arrived at noon with excursionists from 
Omaha; Fremont. Central City and other places. An 
interesting programme was carried out, consisting of 
parades, speeches, music, fireworks, etc. 


The Wyoming Central R. R. is laying two miles of 
track daily. In the first seventeen days thirty-five 
miles of track were laid, the usual :ate being about 60 
feet to the minute, which the iron men could increase by 
half, if the tie men could keep ahead of them, while the 
latter follow close on the heels of the bridgers. It is 
expected by the contractors that they will reach Run- 
ning Water with a train in less than thirty days. 


Arthur Kill Bridge,—After knocking about in four 
different Congresses, the bill to authorize the construc- 
tion of a bridge across the Arthur Kill from Staten Is- 
land to New Jersey was on the 7th inst., passed by the 
House under a motion to suspend the rules. The New 
Jersey members, who were expected to vote against it, 
made no attempt to interfere with its passage. As the 
bill has already passed,the Senate, it needs only to be 
signed and sent to the President for his approval. 


Tne Chicago, Rock Island & Pacific Railroad Com- 
pany has let the first of its contracts for the building 
of its contemplated extensions in Kansas. The portion 
let was a section of forty miles from St. Joseph west- 
ward, which is to be graded end track laid inside of 
thirtydays. Thisis to be followed by the construc- 
tion of 400 miles this year, which will include one 
branch to the west and north into Nebraska, and 
another due south through Topeka and heading for 
the Indian Territory. 


Chicago and Kansas City Line.—Negotiations were 
closed in Chicago, June 2nd, for the construction of a 
new railroad from Chicago to Kansas City, by way of 
St. Paul and Des Moines. The company for that pur- 
pose has purchased the Diagonal Railroad, running 
frem Des Moines northwest to Cedar Falls, one hun- 
dred miles, and it will at once build from the latter 
place toa point in Fayette county, intercepting the 
Minnesota and Northwestern R. R., which will be com- 
pleted in October from Dubuque to St. Paul. The new 
company Will proceed at once to build from Des Moines 
to Kansas City an air line, shortening the distance be- 
tween St. Paul and Kansas City nearly one hundred 
miles. The principal backers of the new road are R. T. 
Wilson, of New York City, and Mr. Stickney, of Min- 
nesota. Surveys have been made and construction will 
begin at once. 


The Atlanta & Hawkinsville R. R. Co., has been 
incorporated in Georgia. John N. Dunn; President; 
A. Haas, J. R. Wylie and others. The line will be about 
125 miles long. H. L. Collier, of Atlanta, has submitted 
a proposition to Mr. Dunn, to build the road in accor- 
dance with the following specifications and terms: If 
the board of incorporators will guarantee the sum of 
$653,000 per mile, and the right of way from East Point 
through city to the Atlanta terminus, he will build the 
road as described in the charter, viz.: A narrow gauge 
road (3 feet), from Atlanta to Hawkinsville. The align- 
ment shall be as good as that of any road in north 
Georgia. No curve shall have a radius of less than 716 
feet. No grade coming north shall exceed 80 feet per 
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mile, and going south 90 feet per mile. All streams 
shall be spanned with neat, substantial bridges and 
trestles. Cross ties shall be heart pine or post oak, or 
white oak, full size and first-class. Rails shall be best 
quality steel, 35 pounds per yard; length 30 feet, with 
not more than ten per cent. of short rails; spikes, bolts 
and fish plates full size. Necessary side tracks to be 
laid at each depot. Twelve completely equipped water 
stations to be conveni.ntiy located; well to be large 
enough to afford an abundance of water. First-class 


- foree pump and well-constructed tank, to hold at least 


5,000 gallons of water, to be placed at each. A neat de- 
pot building at each of the points decided upon, 20 feet 
by 60 feet, of dressed plank and painted, with necessary 
platform. Necessary amount of yard room around 
each depot, Atlanta excepted. Equipment to con- 
sist of two passenger engines, 12x18 inch cylinders, 
44-inch driving wheels; 30-inch two wheel radial bar 
truck; tender tank of 1,200 gallons capacity; Westing- 
house air brakes, head light, etc.; weight of engine in 
working order, about 38,000 pounds. Four freight 
“ Mogul ” engines, 13x18 inch cylinders, 40-inch driving 
wheels, 26-inch two-wheel trucks, tender tank of 1,400 
gallons capacity, weight of engines about 44,000 pounds; 
to have Westinghouse air brakes, headlights. ete. En- 
gines to be first-class narrow-gauge engines. Two 
first-class passenger cars, four second-class passenger 
ears, two express cars, forty-five box cars, forty-five 
flat cara and twelve hand-cars, all full-size and equal in 
every respect to the cars cf same class on any narrow 
gauge road in Georgia. Work to be completed and 
turned over ready for business in eighteen months 
from signing of contract. Monthly payments to be 
stipulated in contract. Final payment to be made on 
completion of road and acceptance of same. The class 
of work to be passed upon by competent engineers and 
the equipment by skilled mechanics. 





Market Report of Engineering Materials. 
New York June 10, 1886. 


Norts.—The following Market Report gives wholesale prices on 
the New York Market unless otherwise stated. Itis intended asa 
genera! guide to the estimating engineer. We give it with this 
caution, that, as is well understood in business transactions, the 
amount of bill, distance from market centre and conditions of 
payment will have a material influence on the final paying prices. 
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